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Abstract 
Changes in the demographic composition of the population, both in Australia 
and worldwide, mean that older adults represent a greater proportion of our 
population than ever before. As life expectancy increases, supporting wellbeing as 
we age and maintaining quality of life in later years is critical. Sleep is a fundamental 
process that underpins healthy ageing, and poor sleep is associated with negative 
health and functional outcomes. Age is associated with changes in sleep-wake 
behaviour, which becomes more fragile. However, the reasons for these changes are 
complex, and a range of influencing factors and processes are relevant to sleep in 
ageing. Sleep-wake behaviour in older age can be further adversely affected by the 
presence of complicating factors such as dementia or dementia care, which, in line 
with an ageing population, affect an increasing number of Australians. Examining 
the influences on sleep in older adults is an important for establishing the best ways 
to support healthy sleep in ageing. Amongst the multiple factors identified to 
influence sleep in ageing, two were of particular interest in this research program: 
light exposure (an environmental factor), and partner impact (an interpersonal 
factor). 
The current program of research described the sleep-wake behaviour in 
community-dwelling older adults and in community dementia care, and examined the 
applicability of a newly presented conceptual model (the Multifactorial Influences on 
Sleep Health model; MISH) to evaluate factors influencing sleep in ageing, in 
particular light exposure and partner impact. The research program comprised four 
studies. 1. An analysis of archival prescription data was used to examine sleep 
medication use and estimate the frequency of sleep difficulties in older adults and 
people with dementia. 2. A systematic review of the literature documenting 
naturalistic light exposure and its relationship to sleep in older adults was reviewed. 
3. The MISH model was used to describe sleep-wake behaviour and selected aspects 
of the model were tested. 4. The MISH model was used to describe and guide 
comparisons of sleep-wake behaviour and influencing factors in community 
dementia care to non-carer older adults, which were further evaluated using 
quantitative case studies. 
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In Study 1, archival analysis of 5,860,998 medication prescription records 
revealed that approximately 15% of older adults receiving any kind of medication 
from their general practitioner received a sedative hypnotic prescription over a 
seven-year analysis period, and that older adults were five times as likely to be 
prescribed a sedative-hypnotic medication than were those receiving a prescription 
who were under the age of 65. Additionally, approximately 25% of individuals who 
were prescribed an anti-dementia medication (suggesting the presence of a dementia 
diagnosis), were also prescribed a sedative-hypnotic medication during the analysis 
window. These results of Study 1 suggest that there may be a need for strategies to 
support healthy sleep in the Australian older adult population.  
In Study 2, existing studies reporting naturalistic light exposure in community-
dwelling healthy older adults were systematically reviewed, as were studies assessing 
the relationship between naturalistic light exposure and sleep. Nine descriptive 
studies were summarised, revealing significant heterogeneity in reporting metrics. 
Four studies assessed the relationship between naturalistic light exposure and sleep-
wake outcomes, all of which report a significant relationship between some measure 
of light exposure and a sleep-wake outcome. This systematic review demonstrated 
the need for further documentation of light exposure and evaluation of its 
relationship with sleep, and provided some recommendations for future research in 
this area.  
Study 3 reported on the sleep-wake behaviour of a sample of 19 community-
dwelling older adults via actigraphic and self-report measures. This study tested 
selected aspects of the MISH model by examining relationships between the duration 
of light exposure over 250 lux, and the timing of light exposure over 1000 lux, with 
sleep efficiency. Significant relationships were found between light exposure and 
sleep in this sample. Other influencing factors were also evaluated, with participant-
reported medical conditions also significantly related to older adults’ sleep. Results 
from this study suggest that naturalistic light exposure is an important factor in 
determining older adults’ sleep health.  
Studies 4, 4b and 4c report on a sample of community-dwelling people with 
dementia and their carers. In study 4a, seven carers of people with dementia were 
compared with the older adult sample reported in study three (n = 19). Differences in 
subjectively measured sleep, and on actigraphically-measured sleep onset latency, 
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were found between community dementia carers and older adults without care roles. 
Additionally, carers had greater day-to-day rest-activity rhythm stability, and higher 
reported anxiety levels. No differences between the two groups were found on 
naturalistic light exposure metrics.  
Study 4b compared the sleep and light exposure of the care dyad members with 
dementia (n = 5) to the sleep and light exposure of their carers and the older adult 
sample. People with dementia had longer sleep onset latency and flatter rest-activity 
rhythms than did the older adult sample. Additionally the sample with dementia 
spent significantly less time in bright light than did comparison older adults. This 
study also compared the concordance of night-time awakenings in care and non-care 
dyads, and found that night-time awakenings in carers were preceded by wake in 
their partner more frequently (but not significantly so), than in older adult 
comparison dyads.  
Finally, Study 4c used a series of quantitative case studies (n = 3) to examine 
sleep-wake behaviour and influencing factors in community dementia care dyads. 
The MISH model was used to guide description of cases. Although there were 
similarities across dyads in that partners with dementia had longer sleep periods and 
flatter rest-activity rhythms than their carers, there were also discrepancies between 
carers’ ratings of their partner’s sleep and actigraphically-derived data.  
Overall, this research program presented a new conceptual model of sleep 
health in older adults which may also be applicable to other groups where sleep is 
influenced by multiple factors. Additionally, it provides support for the inclusion of 
light exposure and partner impact as environmental and interpersonal factors 
(respectively) included in the MISH model. Future research is warranted that 
examines these environmental and interpersonal factors in greater depth, as well as 
research modelling the relative contribution of multiple influences on sleep health in 
older adults and in dementia care. 
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1.1 Background 
The world’s population is ageing. By 2050, the percentage of the globe’s 
population aged over 65 is predicted to increase to 16%, doubling from 8% in 2010 
(World Health Organisation, 2011). This trend is reflected in Australia. In 2013, 
people aged 65 years and older made up 14% of the total Australian population 
(Australian Bureau of Statistics, 2014), a proportion that is expected to increase to 
22% by 2061 (Australian Bureau of Statistics, 2013). As our life expectancy 
increases, more people will spend more time as an older adult, both around the world 
and in Australia. Age is associated with changes in functional ability, in general 
health, and with increased medical comorbidities (World Health Organisation, 2011). 
One major component of overall health that is thought to deteriorate with age is 
sleep, and particularly marked changes occur with some age-related conditions such 
as dementia.  
1.1.1 Age-related changes to sleep 
Changes in the sleep characteristics of older adults have been well 
documented. Age-related changes in sleep include a decrease in overall quality and 
quantity, changes in napping and sleep distribution across the day, changes in the 
proportion and distribution of sleep stages across the night, and sleep that is more 
easily disrupted (Ancoli-Israel, 2009; Jean-Louis, Kripke, & Ancoli-Israel, 2000). In 
a review, Naylor and Zee (2006) note the following changes in sleep timing and 
quality that occur with age: earlier bedtimes and wake times, inability to maintain 
sleep, daytime sleepiness, less slow-wave sleep (deeper, more restorative stages of 
sleep) and longer periods of wakefulness (particularly in the second half of the 
night). Overnight polysomnographic (PSG) assessment allowing identification of 
sleep architecture shows that, compared to a younger population, older adults spend 
more time in bed, but less time asleep, awaken more often and for longer periods of 
time, and that their sleep is less efficient sleep as a result. Examination of sleep 
stages reveals that the percentage of lighter sleep increases, while less time is spent 
in the more restorative stages of sleep (Ancoli-Israel, 2009; Ohayon, Carskadon, 
Guilleminault, & Vitiello, 2004). In light of these changes, Crowley (2011) suggests 
that the sleep of older adults can be described as more ‘fragile’ than that of younger 
adults. 
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The US National Sleep Foundation recently released updated guidelines on 
recommended sleep duration across the lifespan, established via an expert panel 
review of existing scientific literature (Hirshkowitz et al., 2015). In older adults 
(defined as those aged 65 years or older), the recommended sleep duration is 7-8 
hours (or 420-480 minutes per night). However, the recommendations acknowledge 
that as little as 5-6 hours, or as much as 9 hours of sleep (300 – 540 minutes per 
night) may be appropriate, given that some individuals are naturally long or short 
sleepers. The recommended sleep duration in older adults differs only slightly from 
that for middle-aged adults, for whom 7-9 hours per night (and potentially 6-10 for 
some) is recommended (Hirshkowitz et al., 2015). These guidelines suggest that 
although need for sleep may decrease slightly during older age, in healthy ageing this 
decrease is not expected to be dramatic. This reflects findings from a meta-analysis 
of quantitative sleep parameters by (Ohayon et al., 2004) suggesting that although 
sleep changes across the lifespan, changes from middle age to older age are gradual, 
and that the presence of comorbidities eclipses changes directly attributable to age 
itself.  
There is increasing evidence that a large portion of age-related changes in sleep 
problems may be explained by factors associated with ageing, such as an increase in 
health problems, increased interpersonal isolation, and declining activity levels, 
rather than ageing per se (Foley, Ancoli-Israel, Britz, & Walsh, 2004; Jean-louis et 
al., 2000; Ohayon, Zuley, Guilleminault, Smirne, & Priest, 2001; Vitiello, 2009). 
Although some age-related changes in sleep are thought to reflect normal ageing 
processes, these can be seriously compromised or exacerbated by primary sleep 
disorders, and by the presence of medical or psychiatric illnesses (Crowley, 2011). 
Older adults’ sleep is more readily impacted by external disruptors, meaning that 
factors that have the capacity to disrupt sleep at any point throughout the lifespan 
may become even more important in older age. A more detailed outline of factors 
that may contribute to deterioration of sleep in older adults can be found in Chapter 
2.  
Complaints regarding sleep quality are reported more frequently by older 
populations, although prevalence estimates vary widely. Of the 1506 older adult 
participants surveyed in the 2003 United States National Sleep Foundation survey, 
33% rated their sleep as fair or poor (Foley, Ancoli-Israel, Britz, & Walsh, 2004), 
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while Paudel et al. (2010) found that 44% of the 2964 older Americans they studied 
reported poor sleep quality. A 2002 review identified a wide range of insomnia 
prevalence estimates (Ohayon, 2002). Although individual insomnia symptoms 
resulted in high prevalence estimates (up to 65%), studies investigating global 
dissatisfaction with sleep resulted in lower estimates (9-16%). A comparison of sleep 
complaints in low and middle-income countries found prevalence rates varying from 
9.1% (China) to 37.7% (India; Mazzotti, Guindalini, Sosa, Ferri, & Tufik, 2012). 
Thus, prevalence estimates vary both within and between regions. 
Disturbed sleep older adults is of concern for two reasons: 1) it may have an 
immediate effect upon daytime functioning, resulting in increased daytime sleepiness 
and reduced alertness, and 2) it may exacerbate comorbid medical conditions and 
have long-term and cumulative consequences such as deterioration in physical 
health, mental health, and wellbeing. As life expectancy continues to rise and a 
greater proportion of our population consists of individuals aged 65 or older, quality 
of life in older adults is a higher priority. Problems with sleep are associated with, 
and may exacerbate, functional decline in older adults (Avidan et al., 2005; Goldman 
et al., 2007; Nebes, Buysse, Halligan, Houck, & Monk, 2009; Spira et al., 2012), and 
as such, healthy sleep is central to maintaining quality of life as we age.  
1.1.2 Dementia 
A number of age-related conditions are associated with an accelerated 
deterioration in sleep-wake behaviour. In particular, dementia is associated with 
significant disruption of sleep and wake patterns, which contribute to the high 
associated care demands. Dementia, as defined by the International Statistical 
Classification of Diseases and Related Health Problems, is “a syndrome due to 
disease of the brain, usually of a chronic or progressive nature, in which there is 
disturbance of multiple higher cortical functions, including memory, thinking, 
orientation, comprehension, calculation, learning capacity, language, and judgement” 
(World Health Organisation, 1992). Dementia can be attributable to multiple causes, 
the most common of which is Alzheimer’s Disease. In 2011, 298,000 individuals in 
Australia were estimated to be living with dementia, with this number projected to 
rise to nearly 400,000 by the year 2020. In 2012, dementia was the third leading 
cause of death in Australia (second for females), approximately 1 in 10 Australians 
over the age of 65 had dementia, (3 in 10 over the age of 85), and in 2011, dementia 
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was the leading cause of disability burden in those aged 65 years and older in 
Australia (Australian Bureau of Statistics, 2015).  
1.1.3 Sleep in Dementia 
Estimates suggest that 25 – 40% of people with Alzheimer’s Disease 
experience significant disruption to their sleep (Bliwise et al., 2011; Moran et al., 
2005; Weldemichael & Grossberg, 2010). Individuals with dementia demonstrate 
decreases in total sleep time and sleep efficiency, as well as changes in the 
architecture of sleep within the sleep period, with reductions in Rapid Eye 
Movement (REM) sleep, more fragmentation of sleep architecture, and more time 
spent in the less restorative stages of sleep (Weldemichael & Grossberg, 2010). The 
negative impacts of sleep-wake disruption in those with dementia include an 
increased risk of falls, poorer daytime functioning, and increased disruptions to the 
sleep of their carer (Volicer, Harper, Manning, Goldstein, & Satlin, 2001).  
1.1.4 Sleep in Dementia Care 
There is no current treatment available to stop or reverse the neurodegenerative 
processes that characterise dementia. Current efforts focus on maintaining quality of 
life (e.g., through dementia-friendly care environments) and limiting symptoms 
where feasible (i.e., through anti-dementia medications or other non-pharmacological 
approaches). While individuals with dementia make up a large proportion of those in 
residential aged care facilities, it is estimated that the majority of those with dementia 
in Australia (70%) live in the community (Australian Institute of Health and Welfare, 
2007a). This high proportion of people with dementia living in the community 
creates a strong need for ensuring and supporting the wellbeing of community-
dwelling people with dementia. Approximately 200,000 Australians are estimated to 
contribute to the care of someone with dementia in the community (Australian 
Institute of Health and Welfare, 2012). Community care of people with dementia is 
primarily undertaken by unpaid carers, also known as informal or family carers, who 
provide assistance with activities of daily living. Of those caring for an individual 
with dementia, it is estimated that two thirds are co-resident carers, who live with the 
person with dementia and are generally the primary carer. Available estimates 
indicate that primary co-resident carers are more often women, often older adults 
themselves (55% to 90%, dependent on source), and most commonly the spouse of 
the care recipient (Australian Institute of Health and Welfare, 2007, 2012), 
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suggesting that spousal relationships are central to dementia care. Community-based 
carers are often untrained in care provision, and provide 24-hour care (Australian 
Institute of Health and Welfare, 2012). However, estimates of the demographics and 
experience of this population are limited by access, and may not include or represent 
those with early stages of dementia, nor those with early onset dementia. Regardless, 
as the number of dementia cases increases in Australia, so too will the associated 
burden for informal carers. 
Aside from generally poorer sleep, deterioration of the sleep-wake pattern in 
dementia may also be associated with disruptive night-time behaviours, such as 
wandering (Bliwise, 2004). The resulting impact upon the carer can be sizeable, and 
night-time disturbance has been identified as a predictor of placement in residential 
aged care (Hope, Keene, Gedling, Fairburn, & Jacoby, 1998). Some research 
investigating sleep in people with dementia who are community-dwelling has 
recognised the interrelated impact on home-based carers. Given that a large 
proportion of care for individuals with dementia in Australia occurs at home 
(Australian Institute of Health and Welfare, 2012), supporting home based care is of 
key importance for the sustainability of the health care system. Investigating the 
impact on carers better captures the broader impact of a dementia diagnosis, and 
acknowledges the reduction in health and quality of life in not one, but two 
individuals. This interdependence can be captured by examining both carers and care 
recipients, also referred to as the care “dyad” in both the dementia and broader health 
literature (Braun et al., 2009). 
Clinical and research evidence suggests that sleep disturbance is a frequently 
reported issue for carers (Arber & Venn, 2010; Deschenes & McCurry, 2009a; 
Gibson, Gander, & Jones, 2013; Higgins, Hornick, & Figueiro, 2010; McCurry, 
Logsdon, Teri, & Vitiello, 2007a). Creese, Bédard, Brazil and Chambers (2008) 
found that 63% of the 60 spousal dementia carers in their study reported disruptions 
to their sleep which they attributed to their care recipient’s behaviour. Additionally, 
68% of the 136 dementia carers included in a study by McCurry and Teri (1995) 
reported disturbance to their sleep on three or more nights per week in the previous 
month. Specific difficulties reported were problems with maintenance of sleep, 
initiation of sleep, and increased daytime fatigue (McCurry & Teri, 1995).  
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Sleep complaints and shorter sleep have been associated with lower levels of 
mental health and physical functioning in dementia carers (Lee & Thomas, 2011; 
Spira et al., 2010), as well as with higher levels of disease biomarkers such as 
atherosclerosis and inflammation processes (von Känel et al., 2006, 2010). 
Disruption to sleep has been associated with increased carer distress (Beaudreau et 
al., 2008), and is a predictor for the decision by carers to move their care recipient 
from home care to a residential aged care setting  (Hope et al., 1998). These 
associations suggest that sleep disruption has a meaningful impact upon carers’ 
capacity to manage home care, and could raise questions about the long term 
sustainability of government policy and practice encouraging home based care. 
Improvements to sleep in both people with dementia and their carers therefore have 
the capacity to limit carer distress and increase the longevity of home care. 
1.2 Structure of thesis 
This thesis comprises ten chapters. Chapter 1 has presented the background 
and rationale of the research program. Chapter 2 contains a review of the literature 
relating to the research program, which informs the development and presentation of 
a conceptual model to understand sleep health in older adults. The research questions 
addressed in the remainder of the thesis are also presented in Chapter 2. Chapter 3 
provides an overview of the research program, while Chapters 4 to 9 report the four 
studies that together, comprise this program of research. Each of these chapters 
provides background specific to the aims addressed in each study, and presents the 
method, results, and discussion relevant to the individual study. Chapter 10 provides 
a general discussion of the results from the research program as a whole, discusses 
the practical and theoretical implications of the findings, and outlines the strengths 
and limitations of the entire research program. More detail regarding the structure of 
the thesis, and the research questions addressed throughout, is provided in Chapter 3.  
1.2.1 Summary 
This chapter has identified that healthy sleep is one important aspect of 
maintaining quality of life in our ageing population. Changes in sleep associated with 
ageing mean that it is easily compromised or disrupted, potentially more so in cases 
where ageing is complicated by the presence of dementia or dementia care. 
Understanding the factors that impact on sleep health in older age is important for 
 Chapter 1: Introduction 7 
maintaining quality of life in both the broader older adult population and in those 
with dementia and their community-based carers. Finally, this chapter included a 
brief description of the thesis structure. In Chapter 2, a review of the literature 
addressing the factors influencing sleep in older adults is undertaken, which informs 
the presentation of a conceptual model for understanding sleep in ageing. 
 
 8 Chapter 2: Literature Review 
Chapter 2: Literature Review 
Chapter 1 described both the importance of sleep in ageing and its potential to 
be compromised. In this chapter, these issues are further explored through the review 
and summary of relevant literature. First, models applicable to sleep and sleep 
disruption in older adults are reviewed. Second, evidence for factors influencing 
sleep health in older adults is reviewed. Third, these factors are organised into a 
conceptual model for understanding multi-factorial impacts upon sleep. Finally, the 
relevance of the model is examined for a subset of older adults for whom sleep 
difficulties are potentially exacerbated by the presence of dementia or dementia care. 
2.1 Models applicable to sleep in older adults 
Although age is associated with deterioration in sleep health, it does not itself 
explain the presence of sleep difficulties in older adults (Smagula, Stone, Fabio  & 
Cauley, 2015) Instead, sleep difficulties in older adults are multifactorial in their 
causes (Crowley, 2011; Vitiello, 2006). No formal models exist to describe sleep 
health in ageing, however a number of reviews and summaries identify groups of 
factors that influence sleep health in older adults, and there is some consensus across 
commentaries and narrative reviews. Ancoli-Israel and Cooke (2005) highlight the 
role of circadian rhythm disturbances, primary sleep disorders, medical/psychiatric 
illness, side effects of drugs/medications, and psychosocial factors as contributing to 
insomnia in older adults. Vitiello (2006) identifies physiological, medical illnesses, 
psychiatric illnesses, medications, primary sleep disorders, behaviour and social, and 
environmental factors that influence sleep in the older adult population. A recent 
systematic review of prospective studies assessing risk factors for sleep disturbance 
in older adults identified female gender, depressed mood and physical illness as 
frequently identified risks for sleep disturbance (Smagula et al., 2015). 
The fact that there are multiple broad groupings of factors proposed to 
influence various aspects of sleep in ageing mean that a range of existing models 
describing the processes regulating sleep-wake behaviour are relevant. In this 
section, a handful of existing models applicable to the discussion of sleep health in 
older adults are discussed. Specifically, this section reviews models of sleep health, 
insomnia, and circadian regulation.  
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2.1.1  Defining sleep health 
As an outcome, sleep is often studied as a clinical sleep disorder (such as 
insomnia), or using very general terms such as sleep quality or sleep disturbance, 
which are widely used but poorly defined (Buysse, 2014; Peng & Chang, 2013). 
These are often, but not exclusively, used to refer to symptoms of insomnia, 
particularly self-rated sleep quality, but do not themselves specify the aspect (or 
aspects) of sleep to which they relate, nor a set of diagnostic criteria (Buysse, 2014). 
In this way, they are similar to the term poor health, which provides a general 
assessment but does not sufficiently describe the presenting issue. Although such 
general terms can useful for capturing the frequency with which people report 
problems with their sleep, they provide little information about the type of 
difficulties individuals are experiencing, and therefore limit meaningful evaluation of 
causative factors.  
Rather than being a static, unidimensional state, sleep is instead a fluid, 
multidimensional process. This issue is highlighted and addressed in a recent 
conceptualisation of sleep health, which draws upon evolving definitions and 
conceptualisation of general health (Buysse, 2014). Buysse (2014, p. 12) defines 
sleep health as “a multidimensional pattern of sleep-wakefulness, adapted to 
individual, interpersonal, and environmental demands, that promotes physical and 
mental well-being. Good sleep health is characterised by subjective satisfaction, 
appropriate timing, adequate duration, high efficiency, and sustained alertness during 
waking hours.”  
The advantages of this definition are twofold. Firstly, this definition 
characterises sleep health positively. A positive approach allows assessment of sleep 
on a continuum, in contrast to a binary view of deficiency/non-deficiency in sleep 
(the boundaries of which are murky), or the presence versus absence of a specific 
clinical disorder. Secondly, it acknowledges the multifaceted nature of sleep, and 
provides a specific set of dimensions that have been empirically associated with 
health outcomes. Characterising sleep on multiple dimensions allows for greater 
clarity and distinction between the types of difficulties individuals might experience. 
For example, inadequate sleep duration may not be comparable to inadequate sleep 
quality, however the use of terms such as sleep disturbance does not distinguish 
between these two aspects.  
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The conceptual model presented by Buysse (2014) and shown in Figure 2.1 
uses five dimensions to capture sleep health: satisfaction, alertness, timing, 
efficiency and duration. Further, it acknowledges relationships between sleep health 
and general health and functioning, via a range of processes. Classifying sleep in a 
multi-dimensional way may be particularly important in older adults, for whom 
changes in one dimension (e.g., sleep duration) may not be reflected in changes in 
other dimensions (e.g. subjective reports of sleep quality). Although the conceptual 
model of sleep health presented by Buysse (2014) provides a useful conceptual basis 
for examining sleep health, it is not individually sufficient to inform the present 
research. The model is not specific to older adults, and focuses on identifying and 
classifying aspects of sleep itself, rather than identifying and summarising factors 
influencing sleep. 
 
Figure 2.1. Conceptual model of sleep health. Reprinted from Buysse (2014). 
2.1.2 Models of insomnia 
Models of insomnia also provide a useful foundation for examining sleep in 
older adults. Insomnia can be considered both as a symptom, where an individual 
experiences difficulties with falling asleep, staying asleep, or experiencing non-
restorative sleep, and as a disorder, where such symptoms accompany daytime 
consequences (Buysse et al., 2011). While insomnia may start as an acute complaint 
secondary to another factor, it can transition to a chronic condition, with multiple 
diagnostic conceptualisations dependent on chronicity, type, and subtype (Perlis et 
al., 2011). This process is captured by the influential 3P model of insomnia, which 
suggests that predisposing, precipitating and perpetuating factors contribute to the 
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development of chronic insomnia, and acknowledges that a variety of factors play a 
role in the aetiology and outcomes of that disorder (Spielman & Glovinsky, 1991). 
More recent neurobiological and neurocognitive conceptualisations of insomnia 
focus on elucidating the underlying processes and feedback loops that lead 
predisposing, precipitating and perpetuating factors to transition from acute to 
chronic insomnia, and acknowledge that a range of biopsychosocial factors 
contribute to this development (e.g., Bastien, 2011; Buysse, Germain, Hall, Monk, & 
Nofzinger, 2011; Perlis, Shaw, Cano, & Espie, 2011).  
These models increasingly acknowledge the variety of factors and processes 
involved in the development of insomnia. However, they may not generalise to 
understanding sleep health in older adults more broadly, given their narrow focus on 
the clinical condition of insomnia, rather than the broader range of sleep changes 
experienced by older adults. Although some older adults experience insomnia, older 
adults can experience changes and disruptions to their sleep that are not necessarily 
captured by an insomnia diagnosis or model, but could still be problematic and have 
implications for their overall health and functioning (e.g., very short or long sleep 
duration, which have been epidemiologically linked to all-cause mortality, or 
changes in sleep timing; Gallicchio & Kalesan, 2009). Together, this means that 
models of insomnia provide a preliminary basis for understanding sleep quality in 
older adults, but that they are also not individually sufficient for capturing the unique 
set of influencing factors and processes associated with ageing. 
2.1.3 Circadian regulation of sleep 
An understanding of circadian processes also informs an understanding of 
sleep in older adults, and will be a key focus of the current program of research. The 
two-process model of sleep regulation (Borbely, 1982) and its modern variants 
propose that alertness is influenced by both a homeostatic drive (the amount of prior 
wake and sleep) as well as a circadian oscillator (a signal that changes across the 24 
hour day). The circadian oscillator can be thought of as the core body clock that 
dictates the timing of sleep-wake behaviour and most other internal biological 
processes. The two-process model acknowledges the primary importance of the 
circadian oscillator, the applicability of which is outlined in the following section. 
However, the two-process model has a focus on outcomes of the circadian process 
(specifically alertness), rather than its influences. Increasingly, circadian influences 
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are incorporated into insomnia models, and an understanding of the circadian system 
is increasingly well-defined. Circadian regulation is one system that is implicated as 
having a major influence on the sleep health of older adults.  
Sleep in humans is dictated not only by previous duration of wakefulness (a 
homeostatic drive), but also by an internal, endogenous clock that continues to 
generate a daily rhythm, even in the absence of external stimuli (Borbely, 1982). 
This is referred to as our circadian rhythm, the approximately 24-hour cycle in 
humans that regulates a range of behavioural and physiological processes across the 
day, including activity levels, metabolism and cardiac function, as well as a 
coordinating a range of oscillators in peripheral organ systems (Kondratova & 
Kondratov, 2012). One of these processes is our sleep-wake behaviour (Van 
Someren & Riemersma-Van Der Lek, 2007; Zee & Manthena, 2007). This rhythm 
plays a role in regulating our sleep-wake behaviour through the carefully timed 
production and suppression of hormones (e.g., melatonin) to support alert 
wakefulness and activity during the day, and consolidated sleep at night (Van 
Someren & Riemersma-Van Der Lek, 2007). 
The ‘master clock’ for this rhythm is the suprachiasmatic nuclei (SCN), a small 
pair of neuroanatomical structures located in the hypothalamus. To ensure that the 
internal signal generated from the SCN aligns with the external day of our 
environment, we require ‘cues’ that keep the rhythm synchronised with the 
environmental light-dark cycle. The primary circadian cue, also known as a zeitgeber 
(literally, time-giver), is light. The SCN receive light information from the retina via 
a pathway called the retinohypothalamic tract, through both rods and cones and 
specialized, non-visual retinal cells termed intrinsically photosensitive retinal 
ganglion cells (ipRGCs; Lucas et al., 2014; Zee & Manthena, 2007). Although all 
wavelengths of light can technically stimulate the circadian system, it is most 
sensitive to short (blue) wavelengths of light (~447-484nm; Lucas et al., 2014). This 
process is shown in Figure 2.2. The effect of light upon this system is discussed 
further later in this chapter. Healthy functioning of circadian regulation can be 
inferred from measurement of circadian markers which provide information about 
the phase and strength of the internal rhythm. These include body temperature, 
melatonin expression, and motor activity.  
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Figure 2.2. Circadian clock regulation in humans (reprinted from Kondratova & 
Kondratov, 2012). 
This circadian process is of particular interest in ageing, as there is evidence to 
suggest that both effective synchronization with the environmental light-dark cycle 
and the robustness of the circadian rhythm as a whole deteriorate with age 
(Kondratova & Kondratov, 2012; Naylor & Zee, 2006). Most studies report that age 
is associated with a decrease in circadian marker amplitude (for example body 
temperature, melatonin, and cortisol; Crowley, 2011). These markers provide 
information about the phase and strength of the internal rhythm. Additionally, there 
is evidence for a reduced output signal from the SCN with age, possibly in response 
to reductions in relevant subpopulations of neurons, which then results in changes to 
neurotransmitter signalling involved in circadian regulation (Farajnia, Deboer, 
Rohling, Meijer, & Michel, 2013). The studies presented in this thesis incorporate 
measurement of motor activity as a marker of the circadian rhythm. Motor activity is 
generally described as a rest-activity rhythm (as it will be for the remainder of this 
dissertation), an individual’s 24-hour pattern of motor activity, often measured via an 
ambulatory monitor worn on the body over multiple days. Although indirect, rest-
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activity rhythms provides some information about the functioning of the circadian 
clock 
As well as its negative impact on healthy sleep, a disorganised circadian 
rhythm also has direct deleterious effects on other functional outcomes such as 
cognitive functioning (Oosterman, van Someren, Vogels, Van Harten, & Scherder, 
2009). Recent longitudinal research suggests that although age is associated with 
reduced circadian function, circadian dysfunction also predicts mortality (Tranah et 
al., 2010) and other age-related physiological deterioration (Kondratova & 
Kondratov, 2012). As such, circadian function is of interest both in terms of its close 
relationship with sleep and its subsequent direct and indirect effect on other 
functional outcomes. 
Dysfunction in timing in the circadian system has also been implicated in 
Advanced Sleep Phase Syndrome (ASPS; a formal ICSD-III clinical diagnosis), 
which is particularly prevalent in older adults (Zee & Manthena, 2007). In ASPS, 
sleep timing is desynchronised from the external environment, such that bedtimes 
and rise times are earlier than desired, and physiological markers such as body 
temperature indicate an earlier circadian phase position (Zee & Manthena, 2007). 
ASPS can lead to problems synchronising sleep times with the requirements of the 
social world, and therefore can result in sleep disturbance and/or restriction. A 
consequence of even greater deterioration in this internal rhythm is a disorganised 
sleep-wake rhythm (as seen in dementia), with sleep occurring at varying times 
across the 24-hour day (Weldemichael & Grossberg, 2010).  
Together, changes in rest-activity rhythms and other physiological markers 
strongly suggest that the circadian system plays a major part in the changes older 
adults experience in their sleep, as well as directly impacting on other functional 
outcomes. An individual’s rest-activity rhythm serves as one indicator of the 
circadian processes influencing sleep, but due to the association with other functional 
outcomes, rest-activity rhythms are of interest in and of themselves. The broader 
combination of both sleep and rest-activity constructs will be termed sleep-wake 
behaviour for the purposes of this thesis. Although circadian processes are an 
important component of understanding sleep in older adults, they are only one of 
many factors and processes influencing sleep with age.  
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2.2 Factors influencing sleep in older adults. 
A number of additional models, for example those related to stress and coping, 
are also relevant to the discussion of sleep in older adults, but for the purposes of the 
current program of research are not discussed in detail. As well as discussion of 
theoretical and conceptual models applicable to sleep in older adults, research 
addressing the influencing sleep in older adults provides background to the studies 
presented in subsequent chapters. Informed by previous reviews of sleep in older 
adults, the literature can be broadly organised into five groups of relevant constructs: 
psychological, physiological, behavioural, environmental and interpersonal. Previous 
literature addressing each of these groupings is discussed in its own section below. 
2.2.1 Psychological factors 
Psychological factors capture indicators of psychological wellbeing such as 
depression, anxiety and stress. There is a very well-documented relationship between 
psychological wellbeing and sleep in a variety of participant populations (Lustberg & 
Reynolds, 2000). The impact of psychological/psychiatric factors upon sleep is not 
unique to older adults, however psychological variables remain relevant during 
ageing. For example, in older adults, depression is reliably associated with insomnia 
(Nebes et al., 2009; Pigeon et al., 2008). This relationship appears to be reciprocal: 
depression has been shown to predict sleep quality and insomnia in prospective 
studies (Smagula et al., 2015), but poor sleep has also been found to predict 
development or worsening of depression symptoms over time (Lustberg & Reynolds, 
2000; Maglione et al., 2014; Perlis et al., 2010). Psychological variables are 
frequently examined as a factor predicting difficulties with sleep in older adults, and 
are more commonly examined than other groups of factors discussed below, as 
evidenced by a recent systematic review (Smagula et al., 2015). 
2.2.2 Physiological factors 
Older adults are at far greater risk than are the general population for 
deterioration in their physical health and for the presence of comorbid medical 
conditions, each of which can adversely affect sleep in multiple ways. As discussed 
in section 2.1.3, ageing is associated with physiological deterioration of the pathways 
involved in sleep-wake regulation, which can directly affect an individual’s ability to 
maintain consolidated sleep. Epidemiological studies of sleep in older adults reveal 
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high levels of comorbid medical conditions. In a large survey of sleeping habits of 
the US population, Foley et al. (2004) reported that 23.3% of people aged 65 – 84 
reported significant comorbidity (four or more medical conditions), and 83% 
reported at least one medical comorbidity. The presence of medical comorbidities 
was also associated with sleep disturbance (Foley et al., 2004).  
Existing medical conditions also greatly increase the likelihood of concomitant 
medication use, which may itself affect the central nervous system, and therefore 
sleep-wake behaviour (Foley et al., 2004). There are a range of stimulants and 
sedatives that are known to impact upon sleep and on the rest-activity cycle (Ancoli-
Israel & Cooke, 2005). In addition to more general medical conditions, the frequency 
of sleep-specific disorders such as Obstructive Sleep Apnoea (OSA) and Restless 
Legs Syndrome (RLS) increases considerably with age (Vitiello, 2009). Both of 
these conditions directly affect sleep continuity and hence sleep quality.  
Medical conditions are also associated with the presence of pain and nocturia. 
The sleep of many older adults is disrupted by the need to leave the bed to visit the 
bathroom during the night (Ancoli-Israel, Bliwise, & Nørgaard, 2011; Bliwise et al., 
2009). Bliwise et al. (2009) report that 53% of older adults felt that nocturia 
disrupted their sleep every night or almost every night. Nocturia independently 
predicted self-reported sleep quality and insomnia, and was endorsed as a sleep 
disruptor far more frequently than other known impacting factors, including pain and 
caregiving responsibilities. Together, deterioration in physical health, as 
demonstrated through comorbid medical conditions, sleep conditions, associated 
medication use, pain and nocturia, constitute a significant threat to healthy sleep in 
ageing. 
2.2.3 Behavioural factors 
Behavioural factors describe an individual’s intrinsic behaviours that either 
directly or indirectly influence sleep health. Behaviours that act to support or to 
impede healthy sleep are often captured by the term “sleep hygiene”. Sleep hygiene 
refers to any practice related to sleep that is under an individual’s behavioural control 
(Hauri, 1991). Although not specific to older adults, sleep hygiene practices 
nevertheless play a role in maintaining sleep health. Behaviours such as caffeine and 
alcohol intake, napping, diet, and daytime activity are all relevant for sleep (Vitiello, 
1997), and sleep hygiene practices may play a part in perpetuating sleep disturbance 
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by supporting habits and routines that are disruptive to sleep. Due to their 
heterogeneity, sleep hygiene factors influence sleep via a number of mechanisms. 
These include psychological conditioning processes (e.g., pairing time in bed and the 
bedroom with activities other than sleep, resulting in arousal in response to the 
bedroom environment that is not necessarily conducive to sleep), circadian processes 
(e.g., maintaining consistent bed and wake times supports the stability of circadian 
input and therefore the circadian rhythm), and neurobiological processes (e.g., 
reducing use of stimulants such as caffeine and therefore limiting their wake-
promoting neurological effects).  
Physical activity is an example of a behaviour that can be quantified, has 
broader benefits to health, and can influence sleep both via physiological processes 
as well as via psychological and circadian processes. Although evidence for the 
impact of physical activity on sleep over and above other associated factors is 
somewhat mixed (Smagula et al., 2015), multiple studies report an association 
between exercise and sleep both epidemiologically and clinically (Dzierzewski et al., 
2014; Youngstedt & Kline, 2006). Additionally, some studies show benefits of 
exercise interventions for older adult populations (e.g., de Castro Toledo Guimaraes, 
de Carvalho, Yanaguibashi, & do Prado, 2008; King et al., 2008). As in other 
populations, behavioural factors are relevant to sleep in older adults. They influence 
sleep via a range of mechanisms, and can also directly affect other factors that 
impact sleep, such as psychological wellbeing and physiological health.  
2.2.4 Environmental Factors 
Environmental factors are relevant to sleep in ageing both in terms of the direct 
night-time sleep environment, as well as environmental factors that are present 
during the day. Environmental factors are often overlooked in the consideration of 
factors impacting upon sleep, or are considered only implicitly through their 
interaction with behavioural factors. Although the sleep hygiene recommendations 
discussed in the preceding section (Hauri, 1991) are primarily thought of as 
behavioural factors, a number of sleep hygiene recommendations relate to 
environmental aspects of sleep, such as the temperature of the bedroom or noise 
disruption at night. Night-time environmental factors may be particularly relevant in 
institutional settings such as hospitals and residential aged care, where the sleep 
environment is beyond patient or resident control and preferences, and can be 
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disruptive to achieving healthy sleep (Vinzio, Ruellan, Perrin, Schlienger, & 
Goichot, 2003).  
Light as an environmental factor influencing sleep.  
As well as the direct effect of the night-time sleep environment, an individual’s 
daytime environment is also relevant. As identified by the two-process model, the 
circadian oscillator is one of the two main endogenous systems that regulate sleep-
wake behaviour, and this system is affected with age. In particular, environmental 
light exposure is the primary input for the circadian clock. Given its central role in 
circadian regulation, the fact that changes associated with circadian regulation are 
affected with age, as well as a still nascent understanding of its importance in sleep-
wake regulation in older adults, everyday environmental light exposure is a key 
factor of interest in this research program. Light (particularly light in the visibly blue, 
or short, wavelengths) has been shown to exert a strong influence on the timing and 
robustness of circadian rhythms, as outlined in section 2.1.3. Additionally, its acute 
effect in humans produces a “day-like physiological state” (Lucas et al., 2014, p. 1). 
Although this process occurs via the retina and partially involves rods and cones, its 
effects are separate from our visual perception of light, and as such, light in this 
context is often referred to as non-visual light (Lucas, et al., 2014). Light (at mixed 
wavelengths and at short wavelengths) can be used to intentionally manipulate 
circadian rhythms in humans, strengthening internal rhythms or shifting them in 
relation to the external day. Treatments involving targeted light exposure via bright 
light boxes or glasses are already effectively used to treat disorders involving 
circadian dysfunction, such as jet lag and Seasonal Affective Disorder (SAD; Lucas 
et al., 2014).  
However, the effect of light is not equivalent across the day, and the timing of 
exposure is critical. Corresponding with its role as a cue for daytime, light exposure 
in the early subjective morning (at or before a person’s usual time of awakening) 
causes the internal clock to advance earlier, while light in the early subjective night 
delays the internal clock. This function is known as the human phase-response curve 
to light (Zee & Manthena, 2007). Contemporary light environments are artificially 
manipulated to conform to social and personal preferences and norms. For many 
people, this results in bright nights and dim days in comparison to the natural 
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environment (Lucas et al., 2014), and this new environmental context may have 
other effects on the circadian system and overall health.  
Three major processes can affect the circadian system with age (Kessel, 
Siganos, Jørgensen, & Larsen, 2011), all of which relate to light exposure. The first 
is physiological degeneration of the SCN and its pathways, resulting in a weaker 
signal both to and from the SCN. The second is changes in the eye (including 
yellowing of the lens, deterioration or disease of the retina, and the impacts of 
glaucoma, diabetes and cataracts), and the last is changes in habitual light exposure 
levels. As well as physiological deterioration to the SCN and its pathways, age is 
associated with a reduction in the ability of the lens to receive and transmit shorter 
(bluer) wavelengths of light, to which our circadian system is most sensitive (Kessel 
et al., 2011). Physiological deterioration, in combination with changes in the lens, 
means that the same light stimulus will provide a smaller signal to the SCN in older 
adults as compared to younger adults (Kessel et al., 2011; Turner, Van Someren, & 
Mainster, 2010). As a result, even if daily light exposure stays consistent across the 
lifespan, older adults will receive less stimulation of their circadian system as they 
age.  
Experimental research suggests reduction, rather than abolishment, of the light 
signal to the circadian system. Numerous experimental studies demonstrate at least 
partially intact responsiveness to targeted exposure to light in older adults, 
suggesting potential for re-activation of the circadian system via more pronounced 
exposure. Benloucif et al. (2006) exposed 16 young and 14 older adults to four hours 
of dim (10 lux) or bright (3500 lux) light at night, and found that bright light was 
able to delay the melatonin midpoint (suggesting a shift in the circadian rhythm) 
equally well in both groups. Other laboratory-based studies support these phase-
shifting results in older adults (e.g., Sletten, Revell, Middleton, Lederle, & Skene, 
2009) However, Duffy, Zeitzer, & Czeisler (2007) demonstrated a reduction in the 
effectiveness of bright light in shifting circadian phase in older adults. This 
attenuation (rather than elimination) of light’s impact on the circadian system 
suggests a need for the investigation of targeted light exposure interventions in older 
adults. 
As well as physiological deterioration in relevant pathways and changes in the 
eye, it is possible that, as a result of changes in lifestyle and functional ability, older 
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adults may habitually experience insufficient light exposure to maintain healthy 
function (Hofman, 2000). However, only a limited number of studies have addressed 
habitual light exposure across the lifespan, and this has not been systematically 
demonstrated. Early comparisons found reduced light exposure in older adults when 
compared to younger adults (Campbell, Kripke, Gillin, & Hrubovcak, 1988). 
However, a handful of contemporary investigations have found no reduction in light 
exposure with age (Jean-Louis et al., 2000), or even exposure to higher levels of 
daytime light exposure in older adults when compared to their younger counterparts 
(Scheuermaier, Laffan, & Duffy, 2010). It may be that the type of older adults 
included in these samples is quite important, as recent studies have tended to include 
healthy, active older adults. Light exposure levels for individuals in residential aged 
care settings, for whom mobility and environmental control may be reduced, have 
been found to be suboptimal. One study found that residents in care settings spent 
only a median of 10.5 minutes each day in bright light (i.e., over 1000 lux; Shochat, 
Martin, Marler, & Ancoli-Israel, 2000). Although no set thresholds exist for what 
constitutes bright light, a threshold of 1000 lux is often used as an indicator of bright 
light exposure. Table 2.1 provides estimates of the illuminance levels experienced in 
a range of daily scenarios. These levels are reported in lux, a measure of photopic 
illuminance. Further discussion of the importance of light, in particular the 
measurement of environmental light, can be found in Chapter 5.   
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Table 2.1 
Estimated environmental light levels from published reports (selectively reprinted 
from Turner & Mainster, 2008).  
Setting Illuminance (lux) 
Bright sunlight, noon 100000 
Cloudy bright day 25000 
Overcast day 10000 
Offices, kitchens 200-500 
Living rooms 50-200 
Corridors, bathrooms 50-100 
Sunset 100 
Average nursing home 50 
Good street lighting 20 
Full moon 1 
 
Together, the changes to the influence of and exposure to light mean that 
understanding the behavioural and environmental aspects of light exposure might be 
particularly important in older adults. The role of light in supporting optimal sleep-
wake function in the older adult population is still not well understood. Given the 
lack of clarity regarding ambient light exposure and its role as the strongest input to 
the circadian system, light exposure will be a key focus in this thesis.  
2.2.5 Interpersonal Factors 
Interpersonal factors have been largely neglected in sleep research (Troxel, 
2010). Interpersonal factors include the impact of a bed partner, spouse, family 
member, or other relationship upon night-time sleep quality. A large proportion of 
the world’s population shares their sleeping environment with others, either in the 
same household, or the same bed. Couples, share-houses, dormitories and families 
are all settings in which there are interpersonal influences on our sleep-wake 
behaviour that are rarely explicitly acknowledged. These interpersonal impacts 
become more obvious when there is sleep dysfunction in one member of a shared 
space, or where there are marked differences in sleep-wake behaviour between 
household members. This scenario occurs in disorders such as Obstructive Sleep 
Apnea (OSA), where loud night-time snoring can disrupt the partner’s sleep and lead 
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to couples sleeping in separate beds or bedrooms (Rogojanski, Carney, & Monson, 
2012). The previously consolidated sleep of new parents is disrupted by awakenings 
in an infant whose sleep-wake patterns are still developing. For older adults, this 
interpersonal influence is readily apparent in those with dementia, where night-time 
behaviours may cause disruption to others in the household (McCurry et al., 2007a).  
Interpersonal factors can disrupt sleep by noise or movement that directly 
causes awakenings during usual sleep time, or they may indirectly affect sleep by 
influencing behaviours, environment or psychological functioning, which then in 
turn affect sleep. This indirect effect can occur without necessarily sharing the same 
sleep environment. Relationships with others may influence stress levels, the 
bedroom environment and sleep hygiene behaviours, all of which may be negotiated 
between individuals to account for the preferences of multiple household members 
(Troxel, 2010). The latter portion of this thesis examines sleep in a community 
dementia care setting, in which interpersonal factors play a critical role. As such 
these factors are also key focus of this thesis. 
2.2.6 Outcomes of sleep disturbance 
Disruption to healthy sleep has been reliably associated with negative health 
and functional outcomes such as deficits in neurocognitive ability, an increased risk 
of falls, and poorer health-related quality of life (Avidan et al., 2005; Faubel et al., 
2009; Fernandez-Mendoza et al., 2010; Nebes et al., 2009; Stone et al., 2008). 
Further, substantial changes, both long and short, to sleep duration have been 
associated with a higher risk of mortality in older women (Kripke, Langer, Elliott, 
Klauber, & Rex, 2010), as has a less robust rest-activity rhythm in older men (Paudel 
et al., 2010), and longer sleep onset latency and lower sleep efficiency (Dew et al., 
2003). Ancoli-Israel and Cooke (2005) highlight the magnitude of the negative 
impact of insomnia upon older adults, noting that symptoms resulting from 
insufficient length or quality of sleep can be confused with those of mild dementia. 
Spira et al. (2010) found that poor sleep quality predicted physical function at a 5-
year follow-up. In a longitudinal investigation of sleep and physical activity in older 
adults, Holfeld and Ruthig (2014) found that baseline sleep quality predicted higher 
levels of physical activity, but not the reverse. This suggests that sleep quality is 
involved in, and an important consideration for, interventions that target maintenance 
of wellbeing in older adults.  
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As in younger populations, there is evidence to suggest that a relationship 
exists between sleep and cognitive function in older adults (Nebes et al., 2009). An 
examination of longitudinal data by Keage et al. (2012) found that short sleep 
duration and excessive daytime sleepiness were associated with an increased risk of 
cognitive decline at a 10-year follow-up. Lim et al. (2013) showed that fragmentation 
of sleep increased risk of developing Alzheimer’s disease 6 years later, after 
controlling for confounds. It is possible that sleep serves as a preclinical marker of 
dementia prior to the development of cognitive symptoms. Alternatively, it is 
possible that sleep exacerbates neurological decline, and that interventions to sustain 
healthy sleep in older adults may be protective against cognitive decline. 
2.3 An updated conceptual model of sleep health in older adults 
While various reviews suggest that a variety of factors play a role in 
determining sleep health in older adults, they fail to provide a cohesive idea of how 
these factors relate to both each other and to sleep. Additionally, because they have 
not been formally examined together, there is no clear understanding of the relative 
importance of these factors, either individually, or as groups. Further, existing 
models do not focus on multi-dimensional sleep health as an outcome. As a result, no 
one existing conceptual or measurement model provides sufficient background or 
context for the present program of research. A range of literature capturing the 
factors influencing sleep in older adults has been summarised above to aid the 
development of such a conceptual model.  
The Multifactorial Influences on Sleep Health (MISH) conceptual model is 
presented in Figure 2.3. It draws upon existing reviews and conceptualisations of the 
area, and captures the psychological, physical, behavioural, environmental and 
interpersonal factors (shown on the left) that play a role in determining sleep health 
(shown on the right), via psychological, physiological and neurological intermediary 
processes (shown in the centre). Further, it acknowledges that both sleep health and 
influencing factors may affect functional outcomes (shown at the top). Although this 
program of research focuses primarily on selected environmental and interpersonal 
factors influencing sleep in ageing, The MISH model provides context for the current 
research program. A person’s health on each individual sleep health dimension 
provides unique information, and each dimension is likely to have a distinct pattern 
of relationships with the influencing factors. The presented MISH conceptual model 
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incorporates five dimensions of sleep health (shown on the right), and in doing so 
acknowledges that sleep is multidimensional (rather than homogenous).  
The left side of Figure 2.3 identifies five groups of directly modifiable factors 
that may have an influence on sleep health in older adults: psychological, 
physiological, behavioural, environmental and interpersonal factors. Research 
addressing the associations between these factors and sleep health was reviewed in 
section 2.2. The modifiable factors identified on the left hand side of the conceptual 
model affect sleep via different psychological, physiological and neurological 
processes and mechanisms (as shown in the centre). Examples of these processes 
include inflammation as a result of changes in physical health, and hyperarousal as a 
result of psychological and behavioural factors (Perlis et al., 2011). 
The inclusion of functional outcomes at the top of the conceptual model 
acknowledges the possibility of sleep to influence various health and functional 
outcomes (as discussed in section 2.2.6). These include cognitive function, 
autonomy, activities of daily living (ADL), and health-related quality of life 
(HRQOL). The modifiable factors on the left also influence these functional 
outcomes. Finally, the bidirectional arrows acknowledge that all relationships 
described in the conceptual model can be reciprocal. That is, sleep is one component 
in a system of overall health, and can be regarded both as an output (where changes 
in influencing factors lead to changes in sleep health) and an input to the system 
(where poor sleep health lead to poor health and functional outcomes). Regardless of 
its relative role, changes in sleep can have a meaningful impact on the rest of the 
system. This conceptual model suggests that interventions aiming to improve can 
have a meaningful impact on overall health and functional outcomes, and vice versa. 
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Figure 2.3. Conceptual Model of Multifactorial Influences on Sleep Health (MISH). 
This conceptualisation includes major groups of factors identified in the 
literature as important influences on sleep in older adults. It is not designed to fully 
elucidate the details of mechanisms or intermediary processes. All influence sleep 
via some intermediary mechanism, and while some may be relatively 
straightforward, some of these have deep neurophysiological, genetic, and epigenetic 
bases (see Perlis et al., 2011). Instead, it provides a broad underlying conceptual 
model for studying populations with multifactorial impacts on sleep. Although the 
relative importance of individual factors and their associated interactive processes 
may change, the conceptual model should be equally applicable to populations other 
than older adults. This conceptualisation dovetails with, rather than replaces, existing 
models and theories of sleep and sleep disorders. Contributing factors are named, 
however a temporal or causative order is not specified, as such an order is likely to 
be different in individual cases. The conceptual model is untested, and does not 
currently propose weights on each group of factors or factors within each group. 
However it may be useful for guiding research in groups where threats to healthy 
sleep are multifactorial, as they are in aging and its associated disorders, and 
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establishing the relative importance of each. This conceptual model helps to 
systematically identify factors that might be relevant to older adults’ sleep, and 
therefore potential intervention points to support healthy sleep in older adults. In this 
thesis, selected aspects of the conceptual model will be tested in both older adults 
and in a special case of ageing: community dementia care.  
Certain types of factors may be more or less important for different groups of 
older adults, dependent on individual circumstances. This dissertation focuses on 
selected environmental factors and interpersonal factors. These factors may not 
necessarily be more important than others, but they are proposed to have some 
relationship with sleep such that they warrant inclusion in any conceptual model of 
sleep in older adults. The constructs examined in this program of research are of 
interest because a) they are of particular relevance to older adults and those in care 
scenarios, as discussed in preceding sections, b) significant gaps remain in the 
understanding of the influence and practical impact of these factors, and c) they 
present novel and potentially practical points for intervention and benefit.  
2.4 Sleep in dementia 
While older adults with sound health may see relatively modest declines in 
sleep health with age, older adults with conditions such as dementia often experience 
significant changes to their sleep. Dementia is an increasingly common condition, 
and sleep difficulties contribute significantly the associated high burden of care, 
meaning that the maintenance of sleep health is an important consideration for 
preserving quality of life in those living with or caring for a person with dementia. 
Deterioration of circadian regulation is considered to be the primary driver of sleep 
disruption in dementia. That is, although circadian rhythm deterioration is seen in 
healthy older adults, this decline is more pronounced in those with dementia (Wu & 
Swaab, 2007). As a result, individuals with dementia often have comparatively flat 
rest-activity rhythms and disrupted nocturnal sleep (Bliwise, 2004; Naylor & Zee, 
2006). Wu and Swaab (2007) note that this deterioration can be noticeable relatively 
early in the progression of the disease.  
Specific physiological changes that accompany dementia can directly impact 
brain regions associated with the regulation of sleep. However, sleep disturbance in 
people with dementia is multifaceted in its causes, with primary sleep disorders, 
 Chapter 2: Literature Review 27 
medical and psychiatric comorbidities, medication side effects, and environmental 
and behavioural factors all potential contributors to the sleep difficulties often 
observed in dementia (Deschenes & McCurry, 2009). As such, approaches 
acknowledging these multi-faceted impacts on sleep are essential. As an age-related 
condition, people with dementia are exposed to the same contributing risk factors 
common to all older adults, but these risks may be further exacerbated by the 
presence of dementia. For example, in Australia, people with dementia have a greater 
number of health conditions than do others aged 65 and older (five conditions vs 
three conditions; Australian Institute of Health and Welfare, 2012), suggesting that 
the impact of comorbid medical conditions and medications is at least as, if not more 
relevant for those with dementia as it is for older adults. These factors are likely to be 
interactive and additive, such that disruption from medical conditions or pain may be 
exacerbated by a weak circadian signal and poor environmental factors, resulting in 
high levels of sleep-wake disruption.  
2.5 Sleep in carers 
Dementia has an impact on the sleep of both the person with dementia as well 
as the sleep of their carer. Deterioration of stable sleep-wake patterns seen in 
dementia has significant implications for care provision, with the potential to disrupt 
sleep and therefore impair day-to-day function in carers (Lee & Thomas, 2011). 
Given that 70% of people with dementia in Australia reside in the community, rather 
than in residential aged care facilities, home-based informal carers are responsible 
for the majority of dementia care in Australia. Approximately 200,000 Australians 
are estimated to provide some care for someone with dementia in the community, 
and these home-based carers play a crucial role in the dementia care system 
(Australian Institute of Health and Welfare, 2012). Home-based carers are also 
heavily influenced by a diagnosis of dementia in their family and are primarily 
responsible for any interventions or changes to behaviour. As a result, research 
examining strategies to improve quality of life for those living with dementia needs 
to account for the carer and capture both members of the care dyad.  
There is increasing evidence to suggest that providing informal care for a 
person with dementia can be associated with a range of negative health outcomes 
(Fonareva & Oken, 2014). As outlined in Section 1.1.4, carers often report 
difficulties with their sleep. A selection of studies reporting sleep difficulties in 
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carers is included in Table 2.2. Additionally, a number of studies have linked poor 
sleep in carers with poor health outcomes, such as self-reported physical functioning, 
reduced quality of life, and biomarkers of atherosclerosis (Peng & Chang, 2013).  
2.5.1 Factors relevant to sleep disturbance in carers 
As with older adults in general, there is no overall theoretical framework or 
model guiding research into the predictors of sleep disturbance in carers. In a review, 
Kim and Rose (2011) note the general lack of specification of conceptual 
frameworks in research investigating carer sleep in general. However, a handful of 
models of stress and insomnia that have been applied to understanding sleep 
difficulties in this population (e.g., Lazarus & Folkman, 1984). Although these 
models effectively describe individual processes, the gaps identified in relation to 
older adults also apply to carers. That is, existing models fail to adequately capture 
the wide range of factors that can influence sleep in carers of people with dementia, 
and the range of ways in which sleep can be affected. The range of factors 
influencing sleep health in carers is reviewed by a number of authors, but has not 
been formalised in a conceptual model. A review by McCurry et al. (2007) identifies 
that a combination of factors influence carers’ sleep, and cite physical health, 
disruption to bedtime routines, and burden/depression as major influences on sleep-
wake behaviour. Some of these are attributable to ageing, while others are unique to 
the care role. A systematic review of studies assessing factors influencing sleep in 
carers of people with dementia by Peng and Chang (2013) identified relationships 
between sleep and psychosocial variables such as depression and burden, older age, 
and factors associated with the care recipient (i.e., disruptive night-time behaviours, 
dementia severity) as important. Although these reviews provide a useful summary 
of existing research, they provide no overarching conceptual model for examining 
sleep in carers of people with dementia.  
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Table 2.2 
Subjectively reported sleep in dementia carers arranged by outcome measure. 
Study 
 
Sample details PSQI M(SD) Other sleep outcome 





Castro et al. (2009) 9 carers, 55 years or older .4 (3.5) - 
Fonareva, Amen, Zajdel, 
Ellingson and Oken (2011) 
20 older adult dementia carers 8.31 (3.38) - 
von Känel, Ancoli-Israel, et al. 
(2010) 
97 carers, mean age 72.4 (SD = 8.7), not 
necessarily living with care recipient 
7.8 (4.1) - 
Wilcox and King (1999) 90 female carers, mean age 62.8 (SD = 
9.47) 
7.69 (3.77) 65.6% had a PSQI score greater than 5 
Creese et al. (2008) 60 carers, mean age 74 years (SD = 9.26) - 58% reported sleep quality as ‘fair’ or ‘poor’. 
63% reported that sleep disturbed by 
partner’s behaviour during the night 
47% reported awakenings 3 times a week 
or more 
McCurry, LaFazia, Pike, 
Logsdon and Teri (2009) 
164 carers, mean age 69.3 years - 18% had new onset of sleep disturbance 
(where they previously had none) at 24-
month follow up. 
McCurry and Teri (1995) 136 carers, mean age 66 years (SD = 
10.3), not necessarily living with care 
recipient 
- 68% endorsed some type of sleep 
problems, three or more nights a week, 
during the past month. 
 
 30 Chapter 2: Literature Review 
Given the age-related nature of dementia, many carers are themselves older 
adults (Australian Institute of Health and Welfare, 2007a, 2012). This means that the 
impact of ageing upon sleep is also relevant in the discussion of carer sleep 
problems, creating an existing baseline of risk factors, with the caring role adding an 
additional layer of risk and complexity.Care provision is likely to exacerbate age-
related problems that can affect sleep (such as the presence of medical conditions), 
and it may add an additional direct disruptor in the form of their care recipient 
(McCurry, Vitiello, Gibbons, Logsdon, & Teri, 2006). The fact that carers are often 
older themselves means their sleep may be more readily impacted by any night-time 
disruption (Crowley, 2011). Therefore, carers experience some sizeable and unique 
challenges to healthy sleep, over and above those who do not provide care. An 
understanding of factors influencing sleep in older adults without dementia or care 
responsibilities provides a foundation for understanding the impacts on sleep in 
dementia carers. As a result, the MISH model presented in section 2.3 can also be 
used to examine the psychological, physiological, behavioural, environmental and 
interpersonal factors influencing sleep in carers. 
Carers can experience a range of responses as a result of their role. For some 
carers, the challenges of the role decrease overall psychological wellbeing. 
Psychological wellbeing refers to indicators of poor psychological health such as 
depression, anxiety, and subjective burden. Research addressing carer wellbeing has 
included the construct of carer burden, and suggests that carers’ subjective sense of 
burden is an important factor in whether or not carers cope well or are adversely 
affected by the role. Carers reliably demonstrate increased indicators of depression 
and stress (Etters, Goodall, & Harrison, 2008; Schoenmakers, Buntinx, & 
Delepeleire, 2010; Schulz & Martire, 2004; Willette-Murphy, Todero, & Yeaworth, 
2006), and a number of studies have found associations between psychological 
distress and sleep complaints in carers (Beaudreau et al., 2008; Brummett et al., 
2006; Spring, Rowe, & Kelly, 2009). McCurry and Teri (1995) found that carer 
depression and patient depression were both significant predictors of self-reported 
sleep problems in carers. Beaudreau et al. (2008) demonstrated that depression (as 
measured by the BDI) predicted actigraphically-measured (objective) sleep 
efficiency in a sample of 60 carers. Finally, Brummett et al. (2006) demonstrated 
associations between measures of negative affect and self-rated sleep quality. Of all 
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factors impacting carer sleep, psychological factors are the most frequently studied 
(Peng & Chang, 2013). 
There is evidence to suggest that carers experience similar physiological 
impacts to sleep as those seen in older adults via age-associated changes and 
increased comorbidities. Creese et al. (2008) found that 83% of the 60 carers in their 
study reported a co-morbid medical condition, the same proportion found in a 
population study of older adults (Foley et al., 2004). Wilcox and King (1999) found 
that the most frequently reported reason for sleep difficulties was getting up to use 
the bathroom (reported by 83% of carers), a factor that is attributable more to ageing 
than to the care role. Behavioural and environmental factors are also equally relevant 
for carers. As identified by (McCurry et al., 2007a), caring may impact upon daily 
routines, and may change the home and bedroom environment in ways that are less 
conducive to sleep. Some of these have an influence via circadian function.  
Finally, the dyadic nature of home care clearly demonstrates the interpersonal 
factors influencing sleep. Although these interpersonal factors are present for many 
individuals, they have received little empirical attention (Troxel, 2010). Carers often 
report that their care recipient directly impacts their sleep at night (McCurry et al., 
2007a). For instance, twenty-eight percent of a sample of carers reported that their 
care recipient woke them in the past month in a study by Wilcox and King (1999). 
However, although carers often attribute their sleep disruption to the behaviour of 
their care recipient, there has been limited investigation of the relationship between 
carer and care recipient sleep using objective measures. Studies assessing the impact 
of the person with dementia have often relied upon self-report, with estimates of both 
carer sleep and care recipient sleep provided by the carer. Carers have been shown to 
overestimate the sleep disturbance experienced by their care recipients (McCurry, 
Gibbons, Logsdon, Vitiello, & Teri, 2005), and reports of care recipients’ sleep have 
only modest correlations with actual sleep (Beaudreau et al., 2008; McCurry et al., 
2007a, 2006). This suggests that carers do not always have an accurate perception of 
their care recipient’s night-time behaviour and/or sleep, and may over-attribute their 
sleep disruption to the behaviour of the care recipient.  
There is considerable potential for circadian disruption in carers due to ageing, 
but changes in behavioural, environmental and interpersonal impacts associated with 
caring may increase this potential (Higgins et al., 2010; Weldemichael & Grossberg, 
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2010). The extent of circadian disruption in carers is unknown, as only a handful of 
studies directly address rest-activity rhythms in carers (Pollak & Stokes, 1997). A 
methodological case study reported by Higgins et al. (2010) found a high level of 
circadian disruption and low exposure to bright lighting for a spousal dementia carer, 
using actigraphy and a unique eye-level light measurement device (Daysimeter) over 
a seven-day period. The carer displayed less night-time sleep, and more 
fragmentation and disruption in her sleep-wake cycle than did the care recipient. 
Although a case study only, these findings suggest that analysis of sleep-wake cycles 
and exposure to light in this population warrants investigation. At present, there is 
limited published information on carers’ rest-activity rhythms and light exposure, let 
alone information about how these might relate to those of their care recipient, or 
comparison to non-carers of a similar age. As a result, assessing circadian function in 
carers is warranted, as it may be a potentially modifiable target for improving sleep. 
2.6 Summary 
This chapter demonstrated that sleep in ageing is a complex and multifactorial 
issue, and highlighted that existing models contribute to understanding, but do not 
sufficiently provide a basis for understanding sleep in ageing. Existing models are 
inadequate for one or both of the following reasons: 1) they do not incorporate the 
full range of factors relevant to sleep health in ageing, and 2) sleep is described either 
as a clinical variation (e.g., insomnia) or is poorly defined (e.g., sleep disturbance). 
Literature assessing factors that can influence sleep in older adults via differing 
mechanisms was reviewed, with an emphasis on factors that might be important in 
ageing. Additionally, functional outcomes associated with sleep were examined. 
Review of the literature informed the presentation of a new conceptual model of 
sleep health to guide the research program. The MISH conceptual model is intended 
to be applicable to older adults, and may also be useful for examining groups where 
the ageing process is more complex. For example, people with dementia and their 
home-based dementia carers also experience multifactorial impacts upon sleep, as 
outlined in section 2.5.1.  
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3.1 Demarcation of Scope 
The preceding literature review identified the multifactorial nature of sleep in 
older adults and community dementia care. In this thesis, the broader multifactorial 
nature of sleep health in older adults and community dementia care is acknowledged 
via the presented MISH conceptual model, however the included studies focus on 
two factors which a) are specifically relevant to sleep in ageing and dementia care, b) 
have received limited research attention and for which an understanding is still 
developing, and c) present possible points for intervention. These are light exposure 
(as an environmental factor influencing sleep), and interpersonal factors (particularly 
relevant in community care scenarios).  
The focus of this thesis is on community-dwelling older adults, rather than 
older adults in residential care, as these may represent two quite distinct settings. In 
addition, while interpersonal factors are examined, and dyads were included as 
participants in two of the studies, this thesis uses the individual as the unit of 
analysis, and the chapters addressing community dementia care focus more heavily 
on the experience of the carer than on the person with dementia. The advantages and 
limitations of this approach are discussed in Chapter 10.  
3.2 Aims and Research Questions 
The thesis consists of two sections that address the two aims of the research 
program. The first section of the thesis addresses sleep in the broader older adult 
population. It uses the presented conceptual model to describe sleep-wake behaviour 
in older adults, and examines modifiable influences on sleep, with a particular focus 
on light exposure. The second section of the thesis addresses sleep in home-based 
dementia care, and uses the MISH conceptual model to guide comparisons between 
these groups on sleep-wake behaviour and influencing factors, with a particular focus 
on partner impact. The preceding chapter described the range of factors that are 
relevant to sleep in both the general older adult population and in ageing that is 
complicated by dementia or dementia care. The resulting program of research aims 
to better understand selected factors influencing sleep health in older adults and 
community dementia care. Specifically, this thesis aimed to: 
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1. Describe sleep health and test selected aspects of the MISH conceptual 
model in Australian older adults.  
2. Use the MISH conceptual model to describe sleep health and relevant 
influencing factors in community dementia care, and compare these to 
healthy older adults. 
These two aims were addressed via six research questions, which are described 
below, along with the studies designed to address each question.  
3.2.1 Aim 1 – Describe sleep health and test selected aspects of the MISH 
conceptual model in Australian older adults. 
Research Question 1: How frequent are sleep difficulties in Australian older 
adults?  
The first research question is addressed in Study 1 (presented in Chapter 4). 
Sections 1.1.1 to 1.1.4 identified that changes to sleep associated with age, dementia 
and dementia care can put older adults at increased risk of poor sleep health. 
Therefore, in the first study of this research program, the importance of studying 
sleep in older adults is established by examining the prevalence of sleep difficulties 
in Australian older adults. Prior to testing selected aspects of the MISH conceptual 
model in subsequent chapters, this study establishes the need for examining sleep in 
older adults. In Study 1, a large set of archival medication prescription data is 
examined to establish the frequency of sleep difficulties in Australian older adults.  
Research Question 2: Is environmental light a factor in the sleep health of 
older adults? 
Research question two is addressed in Studies 2 and 3 (Chapters 5 and 6). The 
MISH conceptual model provides guidance in the consideration of factors 
influencing sleep in older adults. Sections 2.1.3 and 2.2.4 identified that deterioration 
of processes involved in circadian regulation are thought to be important influences 
on sleep health as we age. As the main input to circadian regulation, light exposure is 
therefore of interest in the consideration of sleep health in older adults. Study 2 
(reported in Chapter 5) consists of a systematic review of previous reports on 
naturalistic light exposure in older adults, and the relationship of naturalistic light 
exposure to sleep. In Study 3 (reported in Chapter 6) the relationship between 
habitual light exposure and sleep-wake behaviour in a sample of community-
dwelling older adults following two weeks of ambulatory monitoring is examined.  
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Research Question 3: What is the relationship between selected psychological, 
physical and behavioural factors and sleep-wake behaviour in older adults? 
This research question is addressed in Study 3 (Chapter 6). As identified using 
the MISH model, sleep disturbance in older adults is multifactorial. Although they 
are not explored in detail, selected psychological, physical and behavioural factors 
were also measured. Study 3 reports on data drawn from ambulatory monitors and 
self-report data from a sample of community-dwelling older adults to assess the 
relationship between selected individual influencing factors and sleep-wake 
outcomes.  
3.2.2 Aim 2 – Use the MISH conceptual model to describe sleep health and 
relevant influencing factors in community dementia care, and compare 
these to healthy older adults. 
Research Question 4: Do carers of people with dementia experience poorer 
sleep health and circadian function in comparison to non-carer older adults? 
Research Question 5: How do carers of people with dementia compare to older 
adults on selected psychological, physiological, behavioural and 
environmental factors?  
These research questions are addressed in Study 4a (presented in Chapter 7). 
Section 2.5 identified that carers may be at increased risk of poor sleep health than 
older adults who don’t provide care. Study 4 compares a sample of community-based 
carers of people with dementia to the sample of older adults described in Study 3, 
and uses ambulatory data to examine sleep-wake behaviour. Carers were also 
compared to non-carer older adults on selected factors identified as relevant in the 
MISH conceptual model, with a particular emphasis on light exposure. 
Research Question 6: How do interpersonal factors influence sleep in 
community dementia care? 
Study 4b (reported in Chapter 8), and study 4c (reported in chapter 9) address 
the partner impact in community dementia care. Study 4b briefly examines the sleep-
wake behaviour of people with dementia in the participating home care dyads, as 
well as describing their light exposure, and comparing it to that experienced by their 
carers, and to non-carer older adults. Study 4c uses the MISH conceptual model to 
guide a series of quantitative case studies describing the sleep-wake behaviour and 
associated factors in three community care dyads.  
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3.3 Summary 
Following an overview of the relevant literature and presentation of the 
conceptual model guiding the program of research in the previous chapter, this 
chapter introduced two overall aims for the research program. Further, six research 
questions were identified that will be addressed in the remainder of the document. 
The studies and approach used to answer each question were briefly described. The 
following chapters of the thesis (Chapters 4 through to Chapter 9) now present the 
individual studies that comprise the program of research. 
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Chapter 4: Study 1 – Prevalence of sleep difficulties in Australian 
older adults and people with dementia: analysis of prescription data.  
Sections 1.1.1-1.1.4 discussed the age-related changes to sleep that can put 
older adults at risk of experiencing poor sleep health. The conceptual model 
proposed in section 2.3 suggests that it is useful to characterise sleep on multiple 
dimensions in order to better evaluate the causes of these difficulties. Although 
multiple dimensions will be used in subsequent chapters to more closely examine the 
type of sleep difficulties occurring and the associated influencing factors, the present 
study begins more broadly. This chapter aims examine the frequency with which 
older adults experience poor sleep health in an Australian sample. That is, it 
establishes the need for the presented conceptual model and associated investigation 
of sleep health and relevant modifiable influencing factors.  
As outlined in Chapter 1, self-reported complaints regarding sleep quality 
occur more frequently in older populations than in younger populations. Estimates of 
the prevalence of sleep difficulties in older adults vary widely, from 9-65% (Ohayon, 
2002) and establishing prevalence is challenging due to the varied definitions of 
disturbed sleep that are used in the literature. The type and severity of symptoms that 
participants endorse varies markedly between studies, as some studies focus on 
endorsement of individual symptoms, while others assess against the full disorder 
criteria (e.g., ICSD-III or DSM-5). For a subset of sleep disorders, assessment to 
diagnostic criteria requires laboratory testing or a sleep study and can only be 
estimated by questionnaire.  
Examination of the sociocultural characteristics of sleep via telephone 
interview by Ohayon (2004) revealed considerable variation in the sleep patterns of 
older adults in different European countries. This suggests that estimates of sleep-
wake behaviour specific to Australia are warranted. In Australia, there are limited 
reports of the prevalence of sleep difficulties in the general older adult population. 
Earlier data from the Australian Longitudinal Study of Women suggested that 33% 
(n = 3979) of the 12,624 participating women aged 70-75 years reported difficulty 
sleeping “sometimes”. Seventeen percent (n = 2011) of the sample reported sleeping 
difficulty “often”, and of these participants, 44.3% had used sleep medication in the 
preceding four weeks. Overall, 18% of the sample reported using sleeping 
medication in the preceding four weeks (Hasan, Byles, & Harris, 2001). Almeida & 
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Pfaff (2005) assessed sleep complaints in 1029 patients of Western Australian GPs 
aged 60 years or older, and found that 62.8% reported at least one, and 19% reported 
all three sleep complaints (difficulty falling asleep, restlessness/wakefulness during 
the night, or early morning awakening). Finally, Seib, Anderson and Lee (2014) 
examined self-reported sleep disturbance (measured using the general sleep 
disturbance scale) in 322 Australian women aged 60-70 years, and found that 23% (n 
= 83) reported sleeping poorly. These studies have also demonstrated associations 
between self-reported sleep difficulties and negative health outcomes in Australian 
older adults. Poor sleep was associated with receipt of a disability support pension, 
sedentary lifestyle, lower mental and physical health related quality of life (Seib et 
al., 2014), as well as depression (Almeida & Pfaff, 2005), and lower quality of life 
(Hasan et al., 2001). These previous estimates are drawn from a variety of subjective 
measures of sleep and provide limited indication of the severity of the complaint. As 
such, it is difficult to establish their impact in terms of cost to quality of life or to the 
health care system.  
4.1.1 Dementia and sleep. 
Individuals with dementia may more often experience sleep disturbances than 
the general older adult population, but the nature, magnitude and prevalence of these 
disturbances are uncertain. In a study of sleep disturbance in people with dementia in 
Italy, Guarnieri et al. (2012) enrolled 431 consecutive patients with mild cognitive 
impairment or dementia and found high rates of sleep complaints. Sleep disordered 
breathing was present in almost 60% of patients, while excessive daytime sleepiness 
was present in approximately 50% of patients, as was insomnia.  
Bliwise et al. (2011) conducted a large-scale evaluation of night-time sleep 
disturbance in dementia using a national database of individuals who had visited 
Alzheimer’s disease research centres. The study found that the prevalence of 
reported nocturnal sleep disturbance, as reported using the informant-completed 
Neuropsyciatric Inventory Questionnaire (NPI-Q) varied significantly across 
treatment centres, and was influenced by dementia type. Of those with Alzheimer’s 
disease, 27% of the overall sample of 4,192 experienced nocturnal sleep disturbance. 
There is no known research investigating the prevalence of sleep disturbance or use 
of sleep medications in individuals with dementia in Australia. Given the challenges 
associated with direct access to large numbers of home-based people with dementia 
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and their carers (as outlined in section 1.1.2), alternative approaches to estimate sleep 
disturbance are of benefit for this group. Overall, there is limited epidemiological 
data on the prevalence and impact of sleep disturbances in Australian older adults 
and people with dementia, and alternative approaches may be useful in order to 
address the challenge of establishing prevalence estimates.  
Large-scale evaluations of sleep in older adults tend to rely on self-evaluation 
of whether they experience difficulty or disturbance to their sleep, or evaluate the 
presence of individual symptoms. A complementary source of information is an 
individuals’ use of sleeping medication, which provides an indication of whether 
people are experiencing difficulties with their sleep. The use of sleep medication is a 
useful adjunct to self-report data by suggesting the presence of clinically significant 
sleep disturbance. That is, a skilled physician, informed by clinical criteria and 
medication data and the patient’s overall medical status, has determined the 
complaint to be of sufficient severity and impact to warrant pharmacological 
intervention.  
Previous reports of sleep prescription medication use in Australian older adults 
have been drawn from administrative databases and representative surveys of 
community pharmacies (Hollingworth & Siskind, 2010). These approaches provide 
population-level estimates of dispensed medication, and have found high rates of 
sleep medication use in older adults. A report on the use of anxiolytic, hypnotic and 
sedative medications in Australia from 2002-2007 found that the highest rate of use 
occurred in those aged 85-89 years (Hollingworth & Siskind, 2010). Additionally, 
analysis of pharmaceutical benefit scheme dispensation to concession holders in 
Australia found that that those aged 85 of older were the highest users of 
benzodiazepines (a class of medications that may be used to treat sleep disturbance) 
from 2003 – 2006 (Smith & Tett, 2009).  
Rates of sleep medication use in individuals with dementia are poorly 
characterised. There is limited evaluation of the prevalence of sleep medication use 
in people with dementia. In a French sample of 4,214 individuals with Alzheimer’s 
Disease, 841 (20%) had used a benzodiazepine within the last three months 
(Lagnaoui, Moore, Moride, Miremont-Salame, & Begaud, 2003). In a study of 195 
nursing home residents with dementia, Simpson, Richards, Enderlin, O’Sullivan and 
Koehn (2006) found that 70.8% received two or more psychotropic medications. 
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There is no known large-scale estimate of the prevalence of medications to aid sleep 
in people with dementia in Australia. 
This study uses a novel data source to provide an estimate of sleep medication 
use that is complementary to existing reports: prescription data gathered from 
general practices. General practitioner physicians are the primary point of medical 
contact for many older adults in Australia, and are the primary source of 
prescriptions in Australia (Hollingworth & Siskind, 2010). Unlike existing reports, 
the data utilised in this study allows prescriptions to be linked to the same individual, 
rather than reporting overall prescription rates of medication. Additionally, because 
these data are drawn from a general practice setting, they are not limited to 
dispensation of subsidised medications or concession holders only (which capture the 
majority, but not all, of the medications examined in the current study, and likely 
systematically underestimate utilisation in younger age groups). This approach also 
makes use of a large volume of existing data on clinically significant sleep 
disturbance without creating additional burden for participants or medical 
practitioners.  
The examination of prescription data also allows sub-groups to be identified, 
based on the prescriptions they have received. Four anti-dementia medications are 
currently subsidised under the Australian Pharmaceutical Benefits Scheme (which 
subsidises the cost of selected medications for Australian residents): Donepezil, 
Galantamine, Rivastigmine (cholinergic treatments) and Memantine (from 2008-
2009 only; Australian Institute of Health and Welfare, 2012). Prescription of these 
medications required consultation with a specialist (e.g., geriatrician, psychiatrist) 
until 1st November 2011, but can now be made via a general practitioner. Eligibility 
for dementia medication treatment is established using Mini-Mental State 
Examination (MMSE) score, which is a screening assessment of cognitive function. 
As such, although the prescription of anti-dementia medication is unlikely to capture 
all individuals with dementia, it is unlikely to capture individuals without dementia 
(i.e., it should result in few or no false positives). Cholinergic treatments are 
generally prescribed for mild to moderate cases of dementia, while Memantine is 
generally prescribed for moderate to severe cases. Although these medications do not 
reverse the dementia process, they may temporarily slow progression of the disease 
and improve dementia symptoms (Australian Institute of Health and Welfare, 2012). 
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A 2012 report from the Australian Institute of Health and Wellbeing reported 
392,796 government-subsidised prescriptions for anti-dementia medications in 2009-
2010, which was up 74% from the number of subsidised prescriptions in 2002-2003, 
resulting in an annual average increase of 8%. Including estimates of non-subsidised 
and private prescriptions, this figure grew to an estimated 416,293 prescriptions for 
the 2009-2010 calendar year. The current study uses the prescription of anti-
dementia medications to infer the presence of dementia.  
4.1.2 Study aims and hypotheses 
This study addressed Research Question 1 (How prevalent are sleep difficulties 
in Australian older adults?) Specifically, it estimated |the frequency of sleep 
difficulties via examination of prescriptions for sleep medication. This study aimed 
to: 
1. Examine the rates of medication use, by type, for older adults and people 
with dementia over the analysis window. 
2. Determine whether older adults were prescribed sleep medication at a 
higher rate in comparison to younger adults. 
3. Establish the prevalence of sleep medication use in older adults with 
dementia in Australia compared to older adults without dementia.  
Based on previous research documenting the frequency of sleep medication use 
in Australia, as well as existing estimates of the prevalence of sleep difficulties in 
older adults and people with dementia, it was expected that older adults would be 
prescribed sleep medication at a higher rate than would younger adults, and that 
people with dementia would be prescribed sleep medication at a higher rate than 
older adults without dementia. 
4.2 Method 
Archival data were drawn from the AsteRx® database, a commercial database 
consisting of longitudinal data on anonymous patient interactions drawn from 
electronic patient management software within general medical practices in Australia 
(Asterx, n.d.). The database includes individual prescription records originating from 
these medical practices. Approval from the QUT Human Research Ethics Committee 
was waived based on the fact that data was already collected and anonymous. The 
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de-identified data contained no information regarding geographical location, socio-
economic status of participants, and information regarding medical conditions was 
not consistently recorded, and as such this information was not available for included 
participants. Individual data records represented prescriptions provided to patients 
within a general practitioner (family physician) visit. As such, the sample included in 
this study represents individuals who were prescribed at least one medication during 
their visit to a medical practice included in the database. Further information on 
inclusion of records is provided in section 4.3. 
4.2.1 Identification of medications of interest 
Within the overall dataset, prescriptions for medications indicative of clinical 
sleep disturbance and dementia were targeted to address the research questions. 
Target prescription records were identified using the Anatomical Therapeutic 
Chemical (ATC) classification system, as listed by the World Health Organisation 
(WHO Collaborating Centre for Drug Statistics Methodology, 2014). The ATC 
classification system provides a standardised classification system for classification 
of medications into groups and subgroups, based on the organ or system they target, 
their therapeutic use, and their pharmacological properties (WHO Collaborating 
Centre for Drug Statistics Methodology, 2014). The ATC system enables study of 
medication use over time and in different locations, and provides a system for 
grouping medications. Two groups of medications were of interest in the current 
study, corresponding to ATC codes N05C and N06D. Sedative-hypnotic medications 
are specified at the 3rd level of the classification system (pharmacological subgroup), 
under the ATC code N05C – Hypnotics and Sedatives. Anti-dementia drugs are also 
specified at the 3rd, pharmacological level of the classification system, classified 
under ATC code N06D – Anti-Dementia Drugs. Medications within these two ATC 
subgroups (N05C and N06D) were targeted for inclusion in this study, representing 
sedative-hypnotic and anti-dementia medications, respectively. These are shown in 
Table 4.1. 
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Table 4.1 
N05C – Sedative Hypnotic Medications Assessed and Corresponding ATC Code 
ATC code Drug name Other trade names 
N05CD07 Temazepam APO Temazepam, Temaze, Temtabs, Normison 
N05CD02 Nitrazepam Alodorm, Mogadon 
N05CF02 Zolpidem Dormizol, Somidem, Stildem, Stilnox, Zolpibell 
 
Although another ATC category (N05B – Anxiolytics) also includes 
benzodiazepine derivatives, medications in this group are primarily targeted at the 
treatment of anxiety. As this study sought to characterise medication use as an 
indicator of sleep difficulties, only those benzodiazepines in the N05C category were 
included, as these are more directly associated with the treatment of sleep 
disturbances. Other categories of medications may be used to treat behaviours 
associated with sleep disturbance (e.g., Anxiolytic medications, targeted at treatment 
of anxiety symptoms), however their use is not limited to the management of sleep, 
and therefore they were not examined in this study.  
Individuals with dementia were identified via the prescription of anti-dementia 
medication (as indicated by an N06D classification). The medications within this 
category are shown in Table 4.2. Additionally, although classified under the N06D – 
Anti dementia category, records for Gingko Biloba (ATC Code N06DX02) were not 
included as part of the N06D classification, as its use is not exclusive to the treatment 
of dementia. All results for this medication category exclude this medication. 
Table 4.2 
N06D – Anti-Dementia Medications Assessed and Corresponding ATC code 
ATC code Drug name Other trade names 
N06DA02 Donepezil Arazil, Aricept, Aridon 
N06DA03 Galantamine Galantyl, Gamine, Reminyl 
N06DA04 Rivastigmine NA 
N06DX01 Memantine Ebixa, Memanxa 
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Figure 4.1. Procedure for preliminary data treatment and record inclusion.  
  
 Chapter 4: Study 1 – Prevalence of sleep difficulties in Australian older adults and people with dementia: analysis 
of prescription data. 45 
4.3 Preliminary data treatment 
Preliminary data cleaning was undertaken to ensure removal of incomplete and 
duplicate records, and this treatment is summarised in Figure 4.1. Information 
associated with prescription records that were utilised in this study were date of 
prescription, ATC codes, as well as unique identifying codes for the general practice 
at which the prescription was made (practice ID), the patient receiving the 
prescription (patient ID), and the medication being prescribed (drug ID). Non-
identifiable patient details, including month and year of birth, were contained in a 
separate file.  
Medications within the data were identifiable by unique drug IDs. Records 
with missing drug IDs were excluded, as were records with missing patient IDs and 
missing practice IDs, as these variables were necessary to address the research 
questions. For each remaining prescription record, the associated patient ID was 
matched with IDs provided in a separate patient file. The separate patient file also 
provided month and year of birth, which were used to calculate patient age at the 
time of prescription. Files where age associated with each prescription was missing 
(n = 431,064) or invalid (i.e., reported as less than 0 or greater than 110 years, n = 
1,187) were discarded, leaving a data file with complete patient ID, practice ID, drug 
ID and age, containing 11,066,959 records from 100 practices. 
Following identification of complete records, the final dataset was restricted to 
a seven-year period from 1st May 2005 to 30th April 2012. This time period was 
chosen to cover the majority of the available data reported, and to conclude with the 
last full month of data included in the database (April 2012). Inspection of practice 
IDs associated with prescription dates revealed that prescription data was not 
available for all practices for each month during this period. As such, only practices 
that reported in all months during the specified interval were included in further 
analyses. Although this represents a conservative approach to data integrity, allows 
comparability of prescription rates over time, which would not be possible practices 
with sporadic records were included. The final data file consisted of data from 45 
practices and contained 5,860,998 individual prescription records. 
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4.4 Results 
The first aim of the study was to examine the rates of medication use, by type, 
for older adults and people with dementia over the analysis window. 
4.4.1 Prescription of sleep medication in older adults 
Within the targeted time period, 147,924 sedative hypnotic prescriptions (ATC 
code N05C), were provided for 35,356 individuals. Of these, 62,466 (42.2%) 
prescriptions were for individuals aged 65 or older (representing 8,068 individual 
patients, or 22.8% of included patients). The mean age of individuals receiving 
sedative-hypnotic medications was 58.31 (SD = 20.33). Of all patients aged 65 or 
older, 15.2% (n = 8068) were prescribed a sedative hypnotic medication at some 
point in the seven-year window.  
4.4.2 Prescription of anti-dementia medications 
Across the full reporting period, 2,760 N06D anti-dementia medication 
prescriptions were provided for 940 patients, an average of 2.94 prescriptions per 
person. The average age of patients receiving anti-dementia medication prescriptions 
was 80.44 years. Of the 155 (62.00%) individuals receiving more than one 
prescription, the mean length of time between their first and last N06D prescription 
was 129.95 days. Four anti-dementia medications were prescribed. There were 645 
individuals prescribed Donepezil (1838 prescriptions), 78 prescribed Galantamine 
(151 prescriptions), 231 prescribed Rivastigmine (597 prescriptions) and 63 
prescribed Memantine (174 prescriptions).  
4.4.3 Use of sedative hypnotics in individuals with dementia 
Of the 940 individuals prescribed anti-dementia medications in the N06D class, 
250 (26.60%) had also been prescribed a sedative-hypnotic at some point within the 
analysis window. In this group, 139 (55.60%) received a prescription for a sedative-
hypnotic in the period between their first and last anti-dementia medication 
prescription. Table 4.3 shows the proportion that received sedative hypnotic 
prescriptions.  
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Table 4.3 
Percentage of individuals with dementia taking a sedative hypnotic, by anti-dementia 
medication type (Note that some patients were prescribed more than one type of anti-
dementia medication, so total n = 1017).  
Anti-dementia drug Number 
prescribed 
Concurrent N05C use 
N (%) 
Donepezil (N06DA02) 645 174 (26.98%) 
Rivastigmine (N06DA03) 78 23 (29.49%) 
Galantamine (N06DA04) 231 55 (23.81%) 
Memantine (N06DX01) 63 19 (30.16%) 
 
4.4.4 Types of sleep medication prescribed  
Of all the sedative-hypnotics prescribed to a patient aged 65 or older, 48160 
prescriptions (80.2%) were for Temazepam (N05CD07), 14.2% were for Nitrazepam 
(N05CD02), and 3.4% for Zolpidem (N05CF02). Figure 4.2 shows the total number 
of N05C prescriptions made across the period of interest for those aged 65 or older, 
as well as the number of prescriptions for the most commonly prescribed medication 
types. Table 4.4 describes the three most prescribed sedative hypnotics in both the 
older adult group and those taking anti-dementia medications. Within those 
prescribed anti-dementia drugs, Temazepam (56.40%) and Nitrazepam (36.40%) 
accounted for the majority of sedative hypnotic medications. This reflected the 
pattern in older adults, where these medications accounted for 97.71% of prescribed 
sedative hypnotics, although the proportion of Temazepam prescriptions was higher, 
and Nitrazepam prescriptions lower in this group. There were no statistically 
significant differences in the number of sedative hypnotic medications prescribed in 
each of anti-dementia medications medication groups. (χ2(1) = 1.70, p = .62). 
Table 4.4 
Prescribed Sedative-Hypnotic medications by group 
Sedative/hypnotic type Older adult 
group 
Dementia group 
Temazepam (N05CD07) 48160 (80.15%) 141 (56.40%) 
Nitrazepam (N05CD02) 8541 (14.21%) 91 (36.40%) 
Zolpidem (N05CF02) 2015 (3.35%) 16 (6.4%) 
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Figure 4.2. Prescription rates of the most frequently prescribed sedative hypnotics 
(N05C) over the analysis window. Individual data points represent month of 
prescription across labelled years.  
Figure 4.3 shows the total number of prescriptions provided to patients aged 65 
or older over time, broken down by medication type. The figure shows a slight 
increase in sedative hypnotic prescriptions, primarily accounted for by an increased 
quantity of Temazepam prescriptions, which was the most frequently prescribed of 
the examined medications. There was low relative use of Nitrazepam and 
Temazepam, with no clear changes across the analysis period.  
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Figure 4.3. Total number of anti-dementia medication (N06D) prescriptions and 
number of sedative-hypnotic prescriptions for those prescribed anti-dementia 
medications. Individual data points represent month of prescription across labelled 
years. 
Figure 4.3 shows the total number of anti-dementia medication prescriptions 
over the analysis period, as well as total number of sedative-hypnotic prescriptions 
within those prescribed an anti-dementia drug at some point during the analysis 
window. While prescription of anti-dementia medications increased slightly over 
time, the number of sedative-hypnotic prescriptions in this group remained relatively 
stable. 
4.4.5 Medication use in older adults compared to younger adults 
The second aim of the study was to determine whether older adults were 
prescribed sleep medication at a higher rate in comparison to younger adults. For 
patients under 65, 4,283,689 prescriptions were made for 613563 individuals. Of 
these prescriptions, 85458 were for sedative hypnotics, which were prescribed to 
27,766 individual patients. Sedative/hypnotic medications were prescribed to 4.5% 
of patients in the database aged less than 65 years. The probability of receiving a 
sedative/hypnotic prescription was significantly higher for those aged 65 or older 
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than for those under 65 years of age (χ2(1) = 21444.3, p < 0.001; OR = 6.24, CI = 
6.07, 6.41). Older adults were 5.04 times more likely to be prescribed a sedative-
hypnotic than were younger adults (Increased risk ratio = 5.04, CI = 4.93, 5.16).   
4.4.6 Comparison of sleep medication use between older adults with dementia 
and older adults 
The final aim of the study was to compare the prevalence of sleep medication 
use in older adults with dementia in Australia to older adults without dementia. In 
order to compare the rate of sleep medication in people with dementia to that of older 
adults of the same age, a matched sample was drawn that was comparable in age. For 
the 940 individuals prescribed anti-dementia medication, all records for individuals 
of the same age prescribed any other medication in the same month as the first N06D 
prescription were selected as a comparison group (n = 41148). Of this matched 
sample, 8769 (21.31%) were prescribed a sedative-hypnotic at some point within the 
analysis window. The probability of receiving a sedative/hypnotic prescription was 
slightly, but significantly higher for individuals receiving an anti-dementia 
prescription than for older adults receiving a prescription for any other medication 
(χ2(1) = 15.25, p < 0.001; OR = 1.34, CI = 1.15, 1.55). Individuals prescribed anti-
dementia drug were 1.25 times as likely to be prescribed a sedative-hypnotic during 
the analysis window compared to older adults prescribed any other medication 
(Increased risk ratio = 1.25, CI = 1.12, 1.39). The proportions of each group taking 
sedative hypnotic medications are shown in Table 4.5. 
Table 4.4 
Proportions of groups prescribed dementia medication, older adults prescribed no 
dementia medication, and a sample prescribed no dementia medication, and matched 






 N (%) 






Yes 250 (26.60%) 7826 (14.96%) 8769 (21.31%) 
No 690 (73.40%) 52309 (85.04%) 32379 (78.69%) 
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4.5  Discussion 
This chapter aimed to examine sleep medication use in older adults and people 
with dementia. The first aim was to characterise sleep sedative-hypnotic medication 
prescriptions in older adults. In the current sample, drawn from data from 45 
Australian general practices, 15.16% of older adults (of those prescribed at least one 
medication over a seven-year period) were prescribed a sedative-hypnotic 
medication. This rate aligns closely with prevalence estimates for more severe sleep 
disruption reported in Australian samples, such as the 17% reporting difficulty 
sleeping “often” in a large sample of older Australian women (Hasan et al., 2001). In 
comparison to other estimates of sleep medication use, it is slightly lower, but similar 
to the number of older Australian women self-reporting sleep medication use (18%; 
Hasan et al., 2001), and lower than an international estimate reported by (Béland et 
al., 2011), who found that nearly 25% of their representative older adult Canadian 
sample were taking benzodiazepines.  
Second, it was predicted that older adults would be prescribed sedative 
hypnotic medication at a higher rate than younger adults. This prediction was 
supported. Sedative hypnotic prescriptions were provided to older adults at five times 
the rate that they were presumed for younger adults. This could suggest that older 
adults experience sleep complaints at a greater rate than do younger adults, or that 
medication is more readily prescribed to those over the age of 65 who present with 
sleep difficulties. Finally, it was predicted that individuals with dementia would be 
prescribed sleep medications at a higher rate than other older adults. This hypothesis 
was also supported. Prescriptions for sedative hypnotic medication occurred at a 
slightly, but significantly higher rate in individuals prescribed anti-dementia drugs, 
suggesting pharmacological management of sleep difficulties in roughly a quarter of 
those taking dementia medications. Existing pharmacotherapies could be sufficient 
for treatment of presenting complaints. However, these results could suggest that 
there is a need for strategies to support healthy sleep in older adults and people with 
dementia in Australia. 
These data identify the frequent use of sedative-hypnotic medications by 
Australian older adults, despite a lack of strong evidence for the efficacy and safety 
of pharmacological management of sleep disturbance in older adults. Despite reports 
suggesting sleep medication is the first line of treatment for many individuals 
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experiencing sleep concerns, there is only modest evidence for their benefit in 
improving sleep in older adults. Findings from a large study of benzodiazepine use 
and sleep quality in Canadian older adults suggest that long-term benzodiazepine use 
has limited efficacy as a treatment for sleep disturbances in this population (Béland 
et al., 2011). Additionally, there are potential risks associated with sleep medication 
use. A 2005 meta-analysis (Glass, Lanctôt, Herrmann, Sproule, & Busto, 2005) 
concluded that hypnotic use may not convey sufficient benefit to justify their risks 
for older adults. The use of sleep medication is associated with increased risk of 
adverse events such as falls in older adults (Latimer Hill, Cumming, Lewis, 
Carrington, & Le Couteur, 2007), either as a result of medications themselves, or the 
fact that they serve as a proxy for sleep disruption, itself associated with the 
increased fall risk (Bliwise, 2004). 
The results of this study suggest that a considerable portion of Australian older 
adults and people with dementia experience clinically significant sleep disturbance 
that is managed via sedative hypnotic medication. Based on 2011 population figures 
of 3,103,500 people aged 65 or older in Australia (Australian Institute of Health and 
Welfare, 2007b), the rates reported in this study suggest that 465,525 older adults 
would experience clinically significant sleep disturbance. Many of these individuals 
may benefit from adjunctive or replacement treatment using CBTi or other non-
pharmacological treatment, given that pharmacological treatments fail to address 
causes of sleep disturbance, and are associated with risks.  
Neuroleptic and hypnotic medications have not been systematically assessed 
for use in the management of sleep complaints in those with dementia (Zhou, Jung, 
& Richards, 2012), with no RCTs or systematic reviews addressing their use in 
people with dementia. Ellul et al. (2007) reported increased odds of functional 
deterioration over the subsequent twelve-month period when community-dwelling 
individuals with probable Alzheimer’s disease reported taking sedative drugs, with 
this risk increasing with concurrent sedative and antipsychotic drug use.  
4.5.1 Limitations  
The use of prescription data to examine sleep disturbance has both benefits and 
drawbacks. The most prominent limitation is that, due to the nature of the data 
source, the sample examined only included individuals who had received a 
prescription via a general practitioner within the study time period. The 
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representativeness of the individuals included in this study of the Australian 
population as a whole cannot be evaluated due to the lack of information regarding 
geographical location, socio-economic status, or data on other medical conditions. 
The use of prescription data as an indicator of disruption to sleep health does not 
allow discrimination between acute and chronic sleep difficulties, nor does it provide 
information on the number of sleep disorders effectively treated. Additionally, 
prescription of medication does not equate fully to usage of medication. 
Only records with complete information for the research questions of interest 
in this study (i.e., complete age, drug ID and practice ID) with complete reporting 
across the period of interest were included in the analysis. Although there are no 
known reason to expect systematic differences between those records with age, drug 
ID and practice ID recorded and those without, it is possible that such biases did 
exist. Finally, the anonymous and third-party nature of the data source means that 
although reasonable steps were taken to determine the validity of included data, data 
entry errors within the bounds of logical values are undetectable. 
This study used the prescription of an anti-dementia drug to identify 
individuals with dementia, and results should not be interpreted as being 
representative of all individuals with dementia. Given the requirements for 
prescription of these medications, the use of N06D prescriptions as an identifier is 
unlikely to falsely identify individuals with dementia, but almost certainly does not 
capture all individuals with dementia; the medications assessed may not be 
appropriate for all individuals with dementia, and are not listed for use in severe 
dementia. Further, this process provides no information regarding dementia type, 
stage of illness or severity of symptoms. Existing research suggests that 
antidepressant medications are also widely used to treat sleep difficulties in 
individuals with dementia (Deschenes & McCurry, 2009); however, as their use is 
not specific to sleep difficulties, they were not examined in this study. It is likely that 
these data underestimate the prevalence of both sleep disturbance and its 
pharmacological management in the broader population of individuals with 
dementia, as this study captures sedative/hypnotic use only. These data also provide 
no indication of the care status of the prescription recipients (i.e., community-
dwelling or residing in residential aged care).  
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Although the higher proportion of older adults receiving sedative-hypnotic 
prescriptions likely represents a greater frequency of sleep difficulties experienced in 
the older adult population, it could also represent a higher willingness to prescribe 
sleep medication to older adults presenting with sleep complaints. Balkrishnan, Rasu, 
& Rajagopalan (2005) documented that older adults had five times the odds of being 
prescribed a pharmacological agent as did younger adults, in a US nationally 
representative study of outpatient visits where the reason for presentation was related 
to sleep difficulty (sleep medication was prescribed in 63% of cases overall). The 
extent to which these differences would be replicated in an Australian setting is 
unknown, but it is important to consider that the age-related differences in 
prescription rates reported in the current study may represent patterns in prescribing 
behaviour, rather than a real difference in the prevalence of sleep complaints per se. 
Further, the data are interpreted as evidence of a clinically significant sleep problem, 
however this is only one interpretation, and this assumption should be kept in mind 
when considering the results. Finally, comparisons of prescription over time should 
be interpreted cautiously. Although the data included in this study was limited to 
practices reporting across the full analysis window in order to examine longitudinal 
trends, changes within those practices over time in terms of the quantity of patients 
seen and composition and management of practices are unknown and may introduce 
artificial changes the overall quantity of medications prescribed.  
4.5.2 Strengths 
There are challenges associated with examining the prevalence of sleep 
disturbance in older adults, and, more specifically, people with dementia. This study 
represents one of very few investigating the prevalence of sleep medication use in 
people with dementia. These data provide a novel source of information regarding 
sleep medication use and inferred sleep disturbance in these groups in Australia, by 
examining data from a large Australian sample from a source that is the primary 
point of contact for older adults and individuals with dementia (their general 
practitioner). Although prescription data may give a less accurate picture of the 
number of medications subsequently dispensed and used (Hollingworth & Siskind, 
2010), it potentially provides a more accurate picture of the proportion of individuals 
who were evaluated as having clinically significant disturbance. 
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The use of passively collected data, not limited to those who have volunteered 
for participation in a research project, is a major advantage of this study, and allows 
inclusion of a very large sample size with zero participant burden. Additionally, this 
approach does not rely on self-report of medication use, which has its own 
limitations in accuracy (West et al., 1995). These considerations are particularly 
important for those with dementia, where recall of medications may require input 
from carers, or the burden of the condition and associated care means that those self-
selecting into research may not be representative of the general population of 
individuals with dementia. Although the dataset was restricted to those visiting their 
general practitioner and therefore those with medical conditions, Australian older 
adults nearly universally report living with at least one long-term health condition, 
and as such this sample may well-represent the broader older adult population 
(Australian Bureau of Statistics, 2006). 
There are a number of advantages to the dataset used in this study over 
previous reports using Australian administrative databases. First is the ability to link 
multiple prescriptions to the same individual, rather than reporting overall 
prescription rates for medications in isolation. Additionally, because these data focus 
on prescriptions, they are not limited to dispensation of subsidised medications only. 
Although subsidised prescriptions capture the majority of cholinesterase inhibitors 
for the treatment of dementia, non-subsidised medications make up a significant 
portion of memantine prescriptions (40.8% in 2009-2010; Australian Institute of 
Health and Welfare, 2012), which would otherwise be lost in examination of data 
from subsidy schemes. Finally, the use of data drawn from medication subsidy 
schemes may also limit the ability to accurately compare the use of sedative hypnotic 
medications across age groups, as a greater proportion of older adults are eligible for 
such schemes. Therefore, a strength of the current study is its ability to compare 
sedative hypnotic use across different age groups.  
Although this study infers the presence of dementia and sleep disturbance from 
the prescription of medication, there are also challenges in selecting participants 
based on diagnosis. Rules regarding the prescription of anti-dementia medication in 
Australia make the prescription of such medication a good indication of the presence 
of dementia. Finally, these figures are not restricted to residential aged care, which 
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has traditionally been the primary source of previous estimates of sedative-hypnotic 
medication use in people with dementia.  
4.6 Conclusions 
This study demonstrates that a greater proportion of older adults are prescribed 
sedative-hypnotic medication than younger adults in a sample of individuals 
receiving medication in Australian general practices. Additionally, it suggests that 
sleep disturbance of a severity that warrants pharmacological treatment is present in 
approximately one in four people taking anti-dementia medication. These data 
provide corroborating evidence for both the presence of sleep disturbance in 
dementia and the frequency of pharmacological treatment of such disturbance, from 
a novel data source.  
As with many behavioural and psychological symptoms associated with 
dementia, the presence of sleep disturbance in those with dementia presents the 
possibility of significant disruption not just to the affected individual, but also to 
their carer(s). Given the lack of clarity regarding the efficacy of sedative-hypnotics 
for treating sleep disturbance in people with dementia, randomised controlled trials 
assessing the benefit of sedative/hypnotic use both in people with dementia and those 
taking anti-dementia medication are warranted. These rates of use suggest that sleep 
is a substantial concern in both older adults and people with dementia in Australia. 
For some of these individuals, there may be a place for additional non-
pharmacological strategies to support sleep in both the general older adult population 
and in people with dementia.  
Although the current study examines the frequency of sleep medication use in 
a large sample of Australian older adults, it provides no information regarding the 
type of sleep disturbance older adults are experiencing. As a result, the presented 
data provides no information about the causes of sleep disturbance in this sample. 
Subsequent chapters will therefore move from examining the frequency of sleep 
difficulties in older adults characterising sleep on multiple dimensions to better 
understand the type of sleep difficulties older adults might experience, as well as 
examining associated causative factors, as per the MISH conceptual model.  
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Chapter 5: Study 2 – Naturalistic light exposure in community-
dwelling older adults: A systematic review 
Chapter 4 demonstrated that older Australian adults attending their general 
practitioner received prescriptions for sleep medication more frequently than 
younger adults. This suggests that many Australian older adults experience poor 
sleep health to a level of severity that warrants pharmacological intervention. 
Although such pharmacological treatment may be appropriate in many cases, it is 
unlikely to address the causes of sleep problems in all older adults. As such, there is 
a need to further define and understand difficulties with sleep in older adults. Chapter 
4 provided an estimate of the prevalence of sleep difficulties in a large Australian 
sample. However, it did not provide information about the type of difficulties 
individuals experienced, nor information regarding the factors influencing sleep in 
the included sample.  
One process identified as a contributor to sleep difficulties with age is 
deterioration in the circadian regulation system. Chapter 2 discussed the role of the 
circadian system in regulation of sleep-wake behaviour in older adults, and identified 
light exposure as the major input into the circadian system. It is of particular interest 
in older adults due to its relative ease of manipulation, making it a potential point of 
intervention for improving sleep in older adults. Light exposure is a modifiable 
environmental factor influencing sleep via circadian processes, the effects of which 
are still developing. Its relevance to older adults means that it will be a major focus 
for the remainder of the studies presented in the research program.  
Earlier chapters provided a general review of the literature to give context and 
inform a conceptual model for the thesis. This chapter reports a systematic review of 
studies that have investigated light exposure in older adult populations, and discusses 
the current state and limitations of this literature. That is, it examines specific 
questions relating to light exposure and older adults, in a structured and systematic 
manner, rather than providing an overview of the literature as in earlier chapters. 
Light is critically important in the regulation of the timing of sleep and wake. Studies 
in laboratory-based, controlled settings have demonstrated the robust physiological 
effects of light on humans, particularly in relation to the regulation of sleep-wake 
behaviour (see section 2.2.4). However, the extent to which these experimental 
findings apply to naturalistic patterns of exposure to light, and the effect of 
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naturalistic light exposure  on circadian, sleep and general health outcomes, remains 
to be established (Dumont & Beaulieu, 2007; Figueiro, 2013).  
Older adults could be at higher risk of light exposure profiles that do not 
provide adequate daytime input to the circadian system. At the same time, circadian 
regulation becomes less robust with age. Together, these facts have led to 
investigation of naturalistic light exposure levels in older adults. Low levels (i.e., 
median of 10.5 minutes of time spent in bright light over 1000 lux) of naturalistic 
bright light exposure have been demonstrated in older adults in residential aged care 
(Shochat et al., 2000). However, it is difficult to establish whether light exposure 
profiles are limited in specific sub-populations of older adults without an 
understanding of naturalistic exposure in independently living older adults who do 
not have health conditions or live in regulated settings that might result in changes in 
their light exposure profile. Additionally, while there have been numerous trials of 
light-based interventions such as bright light therapy, these have occurred despite 
limited documentation of baseline light exposure levels in their target population. 
Currently, bright light therapy attempts to manipulate a variable that has not been 
systematically quantified (Figueiro, 2013).  
As a result, this review focuses on naturalistic light exposure (also referred to 
as habitual, ambient, or environmental light exposure) in older adults. For the 
purposes of this review, naturalistic light exposure is defined as the profile of light 
(characterising the timing, intensity, duration and/or wavelength of light) that 
individuals are exposed to in their daily life, free of manipulation or changes to their 
usual routine (as might occur in therapeutic exposure). This chapter systematically 
reviews studies reporting on naturalistic light exposure in independently living older 
adults and addresses the following questions:  
1. What is the current state of knowledge and typical reporting of research in 
this area?  
2. What does existing research tell us about naturalistic light exposure levels 
and patterns in older adults?  
3. What relationship, if any, does naturalistic light exposure demonstrate with 
sleep?  
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5.1 Method 
5.1.1 Protocol 
Aim. This systematic review had two aims: 
1. To summarise studies reporting on naturalistic light exposure in older 
adults. 
2. To summarise studies examining the relationship between naturalistic light 
exposure and sleep-wake outcomes in older adults. 
Objectives. To identify studies reporting on naturalistic light exposure in older 
adults or its relationship to sleep or circadian function, to identify gaps in knowledge 
regarding light exposure in older adults, examine measurement and reporting 
approaches to light exposure in older adults, and to consider implications for 
interventions involving naturalistic light exposure. 
Inclusion criteria. This review was limited to studies published in English that 
reported on primary data not published elsewhere and reported either quantitative 
measurement of naturalistic (rather than manipulated) light exposure (Aim 1), or 
described the relationship of quantitatively measured light exposure to sleep (Aim 2), 
in an older adult human sample. Only peer-reviewed studies were included, with 
conference abstracts eligible only if sufficient methodological detail was reported to 
meed inclusion criteria.  
Types of designs. Only observational studies or intervention studies reporting 
light exposure pre-intervention were included to ensure results reflected naturalistic 
light exposure in older adults.  
Types of participants. For both aims, included studies reported on 
community-dwelling humans aged 50 years and older, with older participants 
reported as a separate group for those studies incorporating participants at a range of 
ages. As this review aimed to document habitual light in older adults living 
independently, reports of older adults in residential aged care settings were not 
included. Although an attempt was made to summarise only studies looking at 
independently-living older adults, care provision occurs on a graduated scale, and a 
number of reported studies included participants who were receiving some level of 
additional assistance or support, but were living in their own home.  
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Additionally, although no specific screening criteria were required for 
inclusion, samples where participants were selected based on medical or 
psychological conditions that could theoretically influence their levels of light 
exposure or independent living (e.g., dementia, schizophrenia, depression, insomnia) 
were excluded. There were very few studies assessing light exposure in each of these 
groups, and this would be considered a next step following the examination of light 
exposure and its relationship to sleep in healthy older adults.  
Outcome measurement. Included articles reported a quantitative measure of 
ambient light exposure via either ambulatory monitoring or light monitors in the 
usual living environment. Studies inferring light exposure via questionnaire and/or 
meteorologic data were not eligible for inclusion. The review was limited to those 
articles that included a clear description of the methodology and device used to 
assess light exposure, and where exact values were reported for metrics. Studies 
included to address the second aim assessing the relationship between light exposure 
and sleep-wake behaviour were not required to descriptively report light exposure 
levels, but the light measurement requirements remained the same as for Aim 1.  
Sleep/circadian function measurement (Aim 2 only). Inclusion of studies 
addressing Aim 2 required a clearly described quantitative measure of subjective or 
objective sleep quality, quantity or timing, and report on its relationship with light 
exposure. Alternatively, studies could report on a measure of circadian functioning 
(e.g., rest-activity indices, melatonin expression).  
5.1.2 Search strategy 
The search strategy included terms relating to light exposure and older adults. 
Specific terms relating to light were used given the breadth of results when the 
search term “light” was included. The search string used was (“illumination” OR 
“daytime light” OR “natural* light” OR “environment* light” OR “daily light” OR 
“light exposure” OR “habitual light”) AND (“older” OR “elderly” or “aged”). 
PUBMED, SCOPUS, PsycINFO and CINAHL databases were searched to 
provide broad coverage of health, medical and psychology journals. Database 
searches were conducted in June 2014, including published articles up to and 
including May 2014. Reference lists of articles included in the final review were also 
searched for possible additional articles. The initial search via PUBMED resulted in 
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458 records, with subsequent searches of SCOPUS (220 records) and CINAHL and 
PsycINFO databases (265 records) providing 943 records. Duplicates were identified 
via import into reference management software and then manually, for a final 
number of 721 unique records assessed from database search. Five additional records 
were identified through reference lists of full-text reviewed articles.  
5.1.3 Data extraction and analysis.  
Figure 5.1 provides a flow diagram showing the process used to assess studies 
for inclusion in the review. 
Search results and abstract review. Titles and abstract were reviewed for the 
726 unique records. Based on review of the titles and abstract, records that clearly 
did not meet the inclusion criteria for either Aim 1 or Aim 2 after review of titles and 
abstracts were excluded from further consideration. The number of articles retrieved 
and their source is shown in Table 5.1. 
Number of articles reviewed in full. The full text of the remaining 55 records 
was reviewed to determine eligibility. Of these, 34 were excluded for the first aim, 
and 43 were excluded for the purposes of Aim 2. 
Table 5.1 
Number of results retrieved from each source.  
Databases Fields Restrictions Results Unique Results 
PUBMED Title-Abstract None 458 458 
SCOPUS Title-Abstract English language 220 125 
CINAHL & 
PsycINFO 
Abstract English language, excluding 
dissertations and books.  
265 138 
Total unique records identified through database searches 721 
Total unique records identified through other sources 5 
Total number of unique abstracts assessed for inclusion. 726 
 
Identification of duplicate reports. Remaining eligible studies were 
examined for overlapping samples. Where multiple reports from the same sample of 
participants were identified (e.g., multiple publications from the same sample or 
original study), the publication reporting  the most complete or largest sample size, 
or the more comprehensive report of light exposure as an outcome, was included.  
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Final number of articles included. Following review of full-text articles and 
examination for duplicate reports, nine studies, including 1054 participants, were 
included that addressed Aim 1, and four studies, including 714 participants, that 
addressed Aim 2.  
Data extraction form. An electronic data collection form was developed for 
extracting data from relevant results, guided by recommendations provided in the 
Cochrane Systematic Review Handbook (Higgins & Green, 2011). For each included 
record, data was extracted for all variables/information reported in Table 5.3 and 
Table 5.4. 
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Figure 5.1. Flow diagram of abstract assessment protocol used to establish final number of studies included in the review, as per 
PRISMA recommendations (Moher, Liberati, Tetzlaff, & Altman, 2009). 
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5.2 Results 
5.2.1 Aim One 
Following application of the inclusion criteria, nine studies were included that 
met eligibility for Aim 1, and details for these studies are reported in Table 5.3. By 
the nature of the research question, all studies were observational in nature. Table 5.2 
summarises the light measurement metrics reported in the included studies, with a 
brief definition and the frequency of their use, and shows that a variety of metrics 
were used to describe light exposure even in the small number of studies included.  
Table 5.2 
Light exposure metrics reported in studies reviewed for Aim 1. 
Metric Definition Type Frequency of use 
Daily light 
exposure 
Mean or median of light exposure 
during entire daytime or out-of-bed 










Minutes spent above defined 




(1x TAT100, 2x 
TAT1000, 1x 
TAT2000, 1x range: 
TAT50 - TAT1000 
Acrophase Calculated from cosine fit. Timing of 
peak exposure level from cosine. 




Mean or median of light exposure 





Mesor Calculated from cosine fit. Mean of 







Peak exposure level Intensity 1 study 
Clock time of 
maximum lux 
Timing of maximum lux exposure Timing 1 study 
Circadian 
stimulus 
Estimate of stimulus provided to 
circadian system, measured from 0 
(threshold for circadian system) to 1 
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Seven (78%) out of the nine included studies were conducted within the last 
decade, likely reflecting increasing understanding of the mechanisms governing and 
acknowledgement of the importance of light exposure to general health, as well as 
increased ease of measurement. The total number of participants reported on in all 
studies was 1054, and the median sample size of the studies was 24 participants. Of 
the nine included studies, six (67%) reported on sample sizes of less than 50 
participants, and only two reported a sample size greater than 100 (Jean-Louis, 
Kripke, Cohen, Zizi, & Wolintz, 2005; Obayashi, Saeki, & Iwamoto, 2013), one of 
which included women only.  
The maximum recording period for light exposure was eight days, and 
measurement devices from four different manufacturers were used. The majority of 
studies were conducted in the United States, with three studies conducted in San 
Diego (32.71°N). Most studies either conducted their data collection across multiple 
seasons, or did not report on the season during which data collection occurred (three 
studies). All studies except one (Figueiro, Hamner, Higgins, Hornick, & Rea, 2012), 
reported light measurements in lux (lm/m2), a measure of photopic illuminance. 
Note that lux levels are often reported as a logarithmic function due to the 
exponential variation in illumination that occurs across the day. 
Table 5.3 includes a column capturing whether the study included pre-
processing of light data. Ambulatory light assessment at locations other than eye 
level (e.g. wrist, chest) are subject to error if the sensor is exposed to different 
amounts of light than the eye (for example , through covering by clothes). A number 
of approaches are undertaken to account for this, such as fitting to a cosine curve, 
smoothing of measured data, or removal of measurements under a certain threshold. 
All but two studies conducted pre-treatment of their light exposure data before 
calculating reporting metrics. Two studies removed waking epochs identified as 
recording artefacts, and four studies fitted cosine curves to their data to establish 
average light exposure and timing of peak light exposure. This involved fitting the 
data to a cosine curve to smooth what can be highly variable minute-to-minute data, 
and account for missing data, and further, allowing evaluation of amplitude, 
acrophase and mesor of the light exposure, as shown in Figure 5.2. Although this 
approach has the aforementioned advantages, a cosine model may not always capture 
the light exposure profile well, providing a poor fit to the data.  
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Figure 5.2. Visual description of measurement parameters reported in some light 
exposure studies (Reprinted from Hayano, Sakata, Okada, Mukai, & Fujinami, 
1998).  
Total daily light exposure was the most commonly reported measure of light 
exposure, followed by time spent at light levels above some specific threshold. Time 
spent above a specified threshold is reported in minutes, and labelled as Time Above 
Threshold (TAT), followed by the threshold being examined. For example, TAT250 
indicates the number of minutes spent above 250 lux across the day. Both total daily 
light exposure and TAT provide information regarding light intensity and duration. 
Metrics assessing the timing of light exposure were less frequently reported, while 
only one study reported a measure incorporating information regarding wavelength 
of light exposure (Figueiro et al., 2012). Due to the heterogeneity of measurement 
devices used to determine light levels, and heterogeneity in the reported outcome 
metrics, it was not possible to proceed with a quantitative summary of the exposure 
levels documented in the literature.  
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Table 5.3 




















N = 10* Range: 55-81 
M±SD: 68.7 ±NA 
50% F, 
50% M  
Healthy volunteers San Diego, CA, US; 
Lat = 32.71°N c; All 
seasons 
Vitalog + photosensor 
(Wrist); 
2-7 days, M = 5.3 
NA M TAT2000 = 4.14% (±3.15), 0.99h/24hrs 
(±0.75) 
ML (Amplitude) = 27063lux (±4316) 
CT of ML (Acrophase) = 12:20pm (±2.2h) 




N = 459 Range: 50-81 





San Diego, CA, US;  
Lat = 32.71°N c; 
All seasons 
Actillume (Wrist);  
5-7 days 
24h cosine curve 
fitted 
Mesor = 614 lux (SE = 52, Mdn = 411) 
Acrophase = 13:47 (SE = 00:03, Mdn = 
13:45) 
M AM-Light = 999 (SE = 66) (Mdn = 653) 
Jean-Louis et al. 
(2005a) 
 





Excl. for OSA, lithium, 
drugs influencing 
melatonin 
Brookyn, NY, US; 




24h cosine curve 
fitted 
Acrophase = 14.30 (SD = 1.29h) 
Mdn Daily light = 518 lux 




N = 28* Range: NA 
M±SD: NA 
NA Healthy, age and gender 
matched to depressed 
elderly participantsb 
San Diego CA, USa; Lat 
= 32.71°N c; All seasons 
Actillume (Wrist); 48 
hours 
24h cosine curve 
fitted 
Mesor = 0.76 log10 lux (SD = 0.28) 
Acrophase (degrees) – 206 (SD = 9.52) 






N = 10* Range: 72-86 
M±SD: 79±3.12 
 NA Independent living in 
continuing care 
retirement community, 
MMSE >25, Write and 
read Eng, No 
hyp/antipsych meds, no 
sleep disorders/ 
psychoses 




NA M Light daytime = 3586.2 lux (SD = 
5775.7) 
M Light nighttime = 21.6 lux (SD = 33.5) 

























Good physical and 
psychological health, no 
medications, no 
significant sleep 
complaints, 7-9hr sleep 
duration, consistent sleep 
schedule prior to study.  
New England, US; 
Lat = 42.3ºN to 43ºN; 4 
Winter, 3 Spring, 5 
Summer, 10 Fall 
Actiwatch L, 
Respironics (Wrist); 3-8 
days 
Light data <1lux 
during waking 
hours excluded 
M TAT100 = 37.7% of waking day  
M TAT1000 = 14.7% of waking day 
M Light 8h post-wake = 2186lux (SE = 
422) 
M Light 8h pre-sleep = 617lux (SE = 264) 













Not reported. CS = 0.15 ±0.02 
Ichimori et al. 
(2013) 
 
N = 24 Range: 76-90 
M±SD: 84.2 ± 4.1 
87.5% F 
12.5% M 
Living at home, 
requiring 2 lowest levels 
of assistance. 
Hokuriku region, Japan; 
Lat = 36-37°N c; 
January – April 2010 
3640 Illuminance 
Logger, Hioki E.E. 
Corporation (Static – in 
living area); 72 hours 
 
NA M Light daytime = 687lux (Mdn = 388, 
range: 16 – 2556)  
M Light nighttime = 51lux (Mdn = 44, 
range: 6 – 125) 
TAT for 50, 100, 200, 300, 400, 500, 1000 
lux, only TAT 100 & 1000 inc. for brevity: 
M TAT100 = 407 mins (Mdn  = 416, range: 
0 – 726) 
M TAT1000 = 33 mins (Mdn = 20, range: 
0 – 120) 




N = 415* Range: NA 
M±SD: 72.8 ± 6.4 
52.8% F 
47.2% M 
Living at home, 60 years 
or older 
Nara, Japan; Lat = 
34°N; September 2010 - 
April 2012 
Actiwatch-2, Respironics 
(wrist); 48 hours 
Values < 1 lux in 
out of bed period 
= missing. Period 
removed if >= 
half missing data  
Mdn Light out-of-bed period = 364lux (IQ 
range: 181.8-799.2), 38.6% >= 500 
Mdn TAT1000 Out of bed period = 
52.0mins (IQ range: 27.5-100.00), 46.7% 
>= 60 
Mdn Light nighttime = 0.8lux (IQ range: 
0.1-3.1), 18.1 % >= 5 
Mdn TAT10 nighttime = 5.5mins (IQ 
range: 0.5 – 24.0), 20.7% > = 30 
TAT = Time above threshold, M = Mean, M = Male, F = Female, °N = Degrees North, Lat = Latitude Mdn = Median, ML = maximum lux, Ac = Acrophase, ± = Standard Deviation, CT = Clock Time, h = 
hour , NA = Not reported; CS = Circadian Stimulus, SE = Standard Error, SD = Standard Deviation, N = number of older adult participants *study included other samples not eligible for inclusion, only n 
of eligible group included , a = inferred from institution hosting study. b = intervention study, naturalistic light exposure measured at baseline, c = Latitude manually checked – not included in study report.  
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5.2.2 Aim Two 
Four studies were included that met eligibility for Aim 2, which summarised 
studies examining the relationship between light exposure and sleep in older adults. 
Details for these studies are reported in Table 5.4. Additional reports examining 
relationships between light exposure and other outcomes were published for both of 
the larger samples. Within those studies addressing Aim 2, a variety of measurement 
approaches were used for measuring both light and sleep. Three studies used 
actigraphy to assess sleep-wake outcomes (Hood, Bruck, & Kennedy, 2004; Obayashi 
et al., 2014; Youngstedt, Leung, Kripke, & Langer, 2004a), while one study examined 
melatonin expression, a circadian rhythm marker (Jean-Louis, Kripke, Elliott, et al., 
2005). 
All studies reported at least one significant relationship between some aspect of 
light exposure and a sleep-wake outcome. One study assessed the relationship 
between light exposure self-rated sleep satisfaction (Youngstedt, Leung, Kripke, & 
Langer, 2004b) and three studies reported on relationships between light exposure and 
actigraphically-measured metrics of sleep efficiency (Hood et al., 2004; Obayashi et 
al., 2014; Youngstedt et al., 2004b). Finally, one study demonstrated relationships 
between habitual light exposure and melatonin expression and timing, a marker of 
circadian function (Jean-Louis, Kripke, Elliott, et al., 2005).  
Light metrics assessed for relationships with sleep-wake outcomes were waking 
period Time Above Threshold, AM-light, mesor, acrophase and evening Time Above 
Threshold. Illumination mesor was the only light variable reported to have a 
relationship with a sleep or circadian variable in more than one study (showing 
relationships with subjectively-rated sleep satisfaction in variables in one study 
(Youngstedt et al., 2004b) and melatonin timing in the other (Jean-Louis, Kripke, 
Elliott, et al., 2005). Given the variety in both measures of illumination and the range 
of sleep-wake outcome variables assessed in the handful of studies examining this 
relationship, the results of the studies addressing Aim 2 are unable to be quantitatively 
reviewed.  
Two studies examined the relationship between environmental light exposure 
and sleep in a North American older adult sample (Jean-Louis, Kripke, Cohen, et al., 
2005; Youngstedt et al., 2004b), one in an Australian sample (Hood et al., 2004), and 
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one in a Japanese sample (Obayashi et al., 2014). One study included female 
participants only (Youngstedt et al., 2004b). The average sample size was 179, 
however the two studies that did not consist of North American samples both had 
smaller sample sizes (30 and 33 participants).  
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Table 5.4 
Studies reporting a relationship between naturalistic light exposure and sleep (Aim 2) 
First author (year) Sample 
size 
Age Gender Sample characteristics Measurement device (Location); 
recording length 
Relationship 










Over 65, good general health, 
living independently, mobile, 
able to read, write, and speak 
English, no conditions known 
to disturb sleep (e.g., sleep 
apnea, chronic pain), no 
depression, symptoms of 
cognitive dysfunction or meds 





Meter worn on jacket at 
chest height (via sleep 
monitor) 
Actigraphy (Mini-mitter 
2000 data logger) 
TAT3000 (in model with daytime extended 
immobility, daytime movement average, bodily 
pain) predicted nighttime immobility (R2 = 0.519,  
t(26) = 2.408 p = 0.023) 
Youngstedt et al 
(2004) 











Actillume (Wrist), sleep 
diary and 4-week recall;  
5-7 days 
AM-LIGHT significantly correlated with: 
Actigraphy: (TST: r =.14, p = 0.003; Waketime: r 
= .19, p < .001; SOL: r = -.24, p < .001) 
Sleep diary: (TST: r = .21, p < .001; SOL: r = -
.17, p < .001) 
4 week recall: (Trouble falling asleep: r = -.10, p 
= .032; Sleep quality: r = .15, p = .002; Waking 
in night: r = -.16, p = .001; Waking early: r = -
.16, p = .002) 
MESOR– significantly correlated with: 
Actigraphy: (TST: r = -.12, p = .011; Waketime: r 
= -.17, p < .001; SOL: r = -.24, p < .001; WASO: 
r = -.14, p < .001) 
Sleep diary: (SOL: r = -.24, p < .001) 
4 week recall: (Trouble falling asleep: r = -.20, p 
< .001; Sleep quality: r = .18, p < .001; Waking 
in night: r = -.18, p < .001; Waking early: | 
r = -.11, p = .018) 
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First author (year) Sample 
size 
Age Gender Sample characteristics Measurement device (Location); 
recording length 
Relationship 
Jean-Louis et al. 
(2005b) 







No current eye diagnosis, race 
black/white, 60y or older, 
excl. for major 
depression/lithium use, OSA, 
drugs influencing melatonin, 
ocular surgery or laser t’ment, 
impaired cog’ve or functional 
ability. 
Light Actiwatch L, Mini 
Mitter Co. (Wrist); 1 
week 
Illumination mesor & acrophase explained 29% 
of the variance in melatonin mesor  
(later timing = lower melatonin variance)  
Model inc. ophthalmic factors, sleep duration, 
and race accounted for 43% variance in mesor (F 
= 3.47, p < .05).  
Adj stepwise correlations: 
Mesor: rp = -.08, Acrophase (rp = -.49)  
Illumination mesor & acrophase explained 19% 
of variance in aMT6s acrophase.  
(lower illumination = earlier melatonin timing) 
Model accounted for 49% of variance in aMT6s 
acrophase (F = 2.64, p < .05).  
Adj stepwise correlations: 
Mesor: rp = .41), Acrophase (rp =.09). 
 
Obayashi et al. 
(2014) 











Actiwatch-2 (wrist);  In mixed-effects model w/age, gender, daytime 
phys act, bedtime, day length, night light 
exposure, Evening light exposure predicted sleep 
onset latency (Log ELavg; per log lux), coeff  
=.133 [CI: 0.020-0.247], p =.021  
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5.3 Discussion 
This review summarised studies reporting on naturalistic light exposure and 
studies examining the relationship between naturalistic light exposure and sleep-wake 
outcomes in community-dwelling older adults. Review of studies reporting on 
naturalistic light exposure in community-dwelling older adults revealed nine studies 
that described light exposure in this population. There were heterogeneous 
descriptions of light exposure profiles, and measures of Time Above Threshold were 
the most commonly reported metric to describe light exposure. 
The review of studies addressing Aim 2 revealed only four studies that had 
reported on the relationship between naturalistic light exposure and sleep-wake 
outcomes in community-dwelling older adults. All four of these studies found 
significant relationships between some aspect of light exposure and a sleep-wake 
outcome. Therefore, limited investigation of the relationship between naturalistic light 
exposure and sleep-wake behaviour exists despite the fact that circadian dysfunction 
is widely implicated as a causative factor for difficulties with sleep in older adults. 
Although two studies assessed the relationship between light exposure and sleep or 
circadian variables outside a North American setting, the cumulative number of 
participants in these studies was 63, suggesting the need for examination of this 
relationship in a wider variety of locations.  
5.3.1 Measurement and reporting issues 
Evaluation of habitual light exposure is complicated by the fact that, like sleep, 
it can be described on multiple dimensions. In addition, the relative importance and 
effect of these dimensions in terms of the signal light provides to the circadian system 
is still developing. Time Above Threshold measures were commonly reported in 
studies addressing Aim 1. However, a range of different thresholds were reported, and 
it is not known whether one threshold is more relevant than others.  
Additionally, although Time Above Threshold provides an estimate of the 
duration of high intensity light, it provides no information about the timing of light 
exposure, which is critically important in light of the very non-linear dynamics of the 
human phase response curve to light (Figueiro, 2012; i.e., 10 minutes of 1000 lux in 
the hour prior to bedtime has a different physiological impact than 1000 lux in the 
hour following wake). Although much of the argument for assessing light exposure 
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has focused on overall exposure levels (suggesting insufficient intensity and/or 
duration), timing, and the overall profile of light exposure, is also likely to be crucial 
(Dumont & Beaulieu, 2007; Scheuermaier et al., 2010). 
The importance of capturing timing, in addition to indices of duration and 
intensity is illustrated in results assessing the relationship between TAT (which 
captures only intensity and duration of light exposure) and sleep quality. While Hood 
et al. (2004) found a positive relationship between sleep quality (as measured by 
night-time immobility) and TAT across the entire waking day, Obayashi et al. (2014) 
found that TAT in the evening independently predicted poorer sleep efficiency. 
Rather than necessarily being contradictory, these findings reproduce, in a field 
setting, what laboratory studies assessing the effects of light have clearly 
demonstrated: timing matters.  
Lux measurement is intended to describe light in terms of the visual sensitivity 
of the human eye (via the luminosity function), but is not ideally suited to capturing 
the extent to which light provides a signal to the body’s circadian oscillator (Lucas et 
al., 2014). Although lux provides an estimate the timing, duration and intensity of 
light exposure, it does not capture information about wavelength, a dimension that is 
also relevant when assessing the circadian significance of light. Capturing light 
stimulus in a manner that is meaningful for the circadian system has been limited by 
available measurement devices, as well as an evolving understanding of the complex 
effects and mechanisms involved. A recent consensus statement on the measurement 
of light (Lucas et al., 2014) provides some guidance on future approaches to light 
measurement, but notes that as yet, there is not consensus on how to summarise 
circadian-relevant light stimulus. One study included in the current review (Figueiro 
et al., 2012) attempted to estimate this circadian effect, and future developments in 
ambulatory measurement devices may allow these approaches to be more widely 
adopted in the future.  
At times, additional metrics were reported in figures, with raw values 
unavailable for documentation or comparison. In addition to the variety of different 
types of data reported, even amongst the small number of studies included, there were 
a variety of different measurement devices and data treatment approaches used, which 
limit comparability across studies. A number of studies reported significant pre-
processing of data; for example, fitting a cosine-curve to observed data and reporting 
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aspects of this fitted model. There is currently no consensus on the most appropriate 
pre-treatment approach, nor any direct comparison of estimates provided by different 
pre-treatment techniques that the author is aware of.  
5.3.2 Limitations 
This review does not capture studies describing light exposure in residential 
aged care settings or in groups specifically selected for psychological and medical 
conditions that may, theoretically, be associated with lower, or problematic light 
exposure. This review is a necessary precursor to future systematic reviews 
examining specific clinical groups, such as individuals with dementia or those in 
residential aged care. However, the studies identified for inclusion in this review 
provided limited guidance on what might be considered “normal” light exposure 
levels for older adults, or how these exposures relate to sleep. This limitation was a 
result of the limited number of studies eligible for inclusion, and the heterogeneity of 
included samples and reporting techniques.  
5.3.3 Implications for future research 
The fact that all four studies addressing Aim 2 found evidence for a relationship 
between some aspect of naturalistic light exposure and sleep-wake outcomes suggests 
that further research examining this relationship is worthwhile. The current review 
provides some guidance on reporting recommendations for such research. The kinds 
of metrics reported by studies may depend on study goals and relationships under 
examination. Despite that, it is suggested that at a minimum, future studies examining 
light exposure report some characterisation of timing, duration, intensity and, where 
possible, wavelength (although this is not captured in measurements of lux). This is in 
line with a recent consensus statement suggesting more detailed light information to 
“future-proof” measurements for use with emerging and to-be-determined metrics that 
attempt to summarise the “circadian stimulus” a light source provides (Lucas et al., 
2014).  
Given their known impact on characteristics of light, the time of year in which 
the study was conducted, and the geographical location of participants ought to be 
explicitly reported. Light exposure is also subject to seasonal variation (Hébert, 
Dumont, & Paquet, 1998), and while restricting assessment of participants may not 
always be possible, the season in which data was collected should also be included in 
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study descriptions. Characteristics such as device type, placement on the individual, 
recording length and pre-treatment of data may all impact measurements and should 
also be reported. Finally, sufficient detail regarding calculation of light metrics should 
be provided to ensure replicability. Increased reporting that includes sufficiently 
detailed documentation will allow meta-analyses to establish the systematic effects of 
aspects such as location and season. A brief review of the broader literature suggests 
that these limitations are not restricted to studies of light exposure in older adult 
population, but are also evident in studies of younger populations. 
5.3.4 Conclusion 
This review has highlighted the very limited description of the relationship 
between naturalistic light exposure and sleep-wake outcomes, but the evidence 
available does suggest that relationships exist. A lack of systematic documentation of 
habitual light exposure in healthy old adults makes it difficult to establish a) 
differences between older adults and other age groups b) systematic effects of 
geographical/seasonal factors c) relationships with sleep and other health outcomes, 
and d) comparisons between healthy older adults and clinical groups.  
Further clarification of these relationships is crucial for the future of light 
interventions to manipulate sleep and circadian health. A commentary by Figueiro 
(2013) argues that accurate field measurements of light exposure are important for 
elucidating the sources of dysfunction in the circadian regulation of older adults. Field 
measurements may likewise play an important role in informing the effective 
manipulation of environmental light exposure in a real-world setting, as well as 
optimising bright light therapy treatment conditions. Further discussion of the 
implications of naturalistic light measurement for interventions can be found in 
Chapter 10. Although measurement challenges remain, characterising light exposure 
in the general population (particularly in groups such as older adults who are at risk of 
suboptimal exposure) represents a critical step towards understanding how light 
influences sleep and health, which will further enable optimal design of light 
environments and provides the data needed to step towards population-level 
interventions, including preventative strategies, rather than individual-level therapies.  
The MISH model presented in Chapter 2 identifies light exposure as one of 
numerous factors that influence sleep in older adults. This review has revealed that 
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relationships between naturalistic light exposure and sleep-wake behaviour have been 
demonstrated, but that there are limited published reports on this relationship, 
particularly outside of a North American setting. In order to address this gap, the 
studies that comprise the remainder of the research program will measure and report 
light exposure as a key construct of interest, in addition to examining the relationship 
between light exposure and sleep-wake behaviour.  
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Chapter 6: Study 3 – Sleep-wake behaviour and modifiable influencing 
factors in Australian older adults 
The analyses presented in Chapter 4 suggest that approximately 15% of 
Australian older adults prescribed medications by their GP for any reason also 
experience a clinically significant sleep disturbance, and that older adults are 
prescribed sedative hypnotics at a rate five times that of those under 65. This figure is 
consistent with estimates from previous studies in Australia suggesting that 17-19% 
of older adults report sleep difficulties often, or on multiple criteria (Almeida & Pfaff, 
2005; Hasan et al., 2001). In Chapter 2 the psychological, physical, behavioural, 
environmental and interpersonal factors that influence sleep in ageing were reviewed. 
Circadian function was identified as a particularly important process impacting upon 
the sleep-wake behaviour of older adults, and the preceding chapter demonstrated that 
the main input to the circadian system, environmental light exposure, has received 
limited empirical attention. This chapter presents data on the actigraphically measured 
sleep and rest-activity function in a sample of Australian independently-living older 
adults, and describes the relationships between their sleep and a number of factors 
identified in the MISH conceptual model (presented in Chapter 2), with a particular 
focus on the description and influence of light exposure. 
A primary input into the circadian system is light, an environmental input that is 
also influenced by behavioural and physiological factors. The capacity of light to 
influence older adults’ sleep-wake behaviour has been demonstrated in controlled 
intervention scenarios with targeted, brief exposure to very bright light. However, as 
demonstrated in Chapter 5, it is less well understood how patterns of passive 
environmental exposure to light may have an influence on sleep (Lucas et al., 2014). 
As described in the previous chapter, no clear threshold or pattern of environmental 
light exposure has been established as the most important for sleep-wake behaviour. 
Additionally, age-related physiological changes may mean that older adults require 
more lighting stimulus to receive the same signal to their circadian clock. Turner and 
Mainster (2008) characterized losses in circadian photoreception associated with age, 
based on light thresholds at which younger adults are found to free-run (where the 
internal body clock becomes decoupled from the external day, a state suggestive of no 
or very limited input from light to the body’s circadian system). They estimated a 
minimum threshold of light to maintain circadian entrainment in older adults that was 
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higher than in younger adults, suggesting that older adults require more light, to gain 
the same input to their internal clock. The previous chapter showed that there has 
been very limited examination of the relationship between naturalistic light exposure 
and sleep in older adults. One study has investigated the relationship between light 
exposure in Australian older adults and sleep (Hood et al., 2004), however this study 
provided no descriptive information about the measured exposure levels (i.e., the 
relationship between time spent above 3000 lux and sleep was reported, but 
descriptive characteristics of exposure levels were not).  
This study includes assessment of rest-activity rhythms. Although they serve as 
a marker for the circadian rhythm, rest-activity rhythms are influenced by a range of 
other factors. Markers such as salivary or plasma melatonin can provide a more direct 
assessment of the phase of the internal circadian rhythm. However, rest-activity 
rhythms remain of interest as a proxy measure for circadian rhythms as there is a 
demonstrated relationship between the rest-activity rhythm and changes in the SCN 
(Wang et al., 2015). Additionally the rest-activity rhythm provides a circadian marker 
that is non-invasive and easily measured without interference to an individual’s day-
to-day routine. The robustness or strength of these daily rhythms can be examined in 
terms of their stability from one day to the next, their fragmentation within the 24-
hour day, and their amplitude (difference between most and least active periods) 
within the 24-hour day.  
Changes in rest-activity rhythms occur with age. Although Huang et al. (2002) 
found no significant alteration to the day-to-day stability of rest-activity rhythms with 
age, they did find increased fragmentation and decreased amplitude of rest-activity 
rhythms. These findings were reflected in the results of 96-hour actigraphic 
assessments of 1734 individuals aged 45 and older reported by Luik, Zuurbier, 
Hofman and Someren (2013). Although older adults had a more stable day-to-day 
activity profile, their activity rhythms were more fragmented within days in 
comparison to younger adults. Age-related changes in rest-activity rhythms have also 
been directly associated with changes in the SCN. Wang et al. (2015) reported 
correlations between the amplitude of rest-activity rhythms and the number of a 
subpopulation of SCN neurons in a sample of older adults and participants with 
Alzheimer’s Disease. Those participants with fewer of the neurons responsible for 
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receiving direct light input from the retina had lower amplitude in their rest-activity 
rhythms (Wang et al., 2015).  
This study builds on existing research by measuring sleep-wake behaviour on 
multiple dimensions, assessing rest-activity rhythms as an indicator of circadian 
function, and measuring and assessing light exposure and its’ relationship to sleep-
wake outcomes in an Australian population. Additionally, the literature review and 
presentation of the MISH conceptual model in Chapter 2 recognised that sleep is 
multidimensional and acknowledged that multiple other factors influence sleep in 
older adults. In addition to its focus on light exposure as an environmental factor 
influencing sleep, the current study describes sleep on multiple dimensions, and tests 
selected aspects of the MISH conceptual model by examining its relationship with 
psychological, behavioural and physiological factors, as well as health-related quality 
of life. Using data from a sample of independently-living Australian older adults, this 
study aimed to: 
1. Describe sleep-wake behaviour (sleep health and rest-activity patterns) on a 
number of traditional and novel sleep parameters.  
2. Describe habitual light exposure patterns 
3. Examine relationships between light exposure and a range of sleep and rest-
activity outcomes.  
4. Examine relationships between psychological, physiological and 
behavioural factors and sleep efficiency. 
5. Examine relationships between sleep efficiency and health-related quality 
of life. 
Based on previous preliminary findings, it was hypothesised that: 
1.  Increased daytime light exposure would be related to increased sleep 
efficiency and more stable rest-activity patterns. 
2. Higher psychological wellbeing, fewer medical conditions, and higher 
activity levels would be associated with increased sleep efficiency. 
3. Sleep efficiency would be associated with higher health-related quality of 
life. 
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6.1 Method 
6.1.1 Participants 
Participants were one half of a group of cohabiting older adult dyads 
volunteering for a study investigating sleep in older adult couples. To participate in 
the study, participants were required to live at home in the community, both be aged 
65 or older, sleep in the same house, have no diagnosis of Sleep Apnoea, and no 
suspected or diagnosed cognitive impairment of any type. Both participants and their 
partners were required to participate to be eligible for inclusion in the study. 
Participant recruitment and data collection occurred between July 2012 to May 2014. 
A number of methods were used to recruit participants (see Appendix A), and a total 
of 19 dyads completed all study components. 18 participants resided within 2 hours 
drive of latitude 27 degrees South, and one participant resided at 36 degrees South. 
Eight participants completed their ambulatory monitoring during Autumn, and 
another eight during Spring, with two completing their monitoring during Summer, 
and one participant during Winter. 
In this chapter, the interpersonal factors identified in the conceptual model are 
not explored, and as a result, analyses in this chapter include only one member of 
each measured dyad. For those dyads where only one data record was available, the 
individual with the valid recording was automatically selected for inclusion. For the 
remainder of the dyads, the dyad member included in the analyses was randomly 
selected. Because the dyads cohabit, sharing similar routines, living environments and 
similarities in numerous other unidentified variables, the observations of each dyad 
member are not independent from one another. Statistically, this lack of independence 
influences the accuracy of hypothesis testing if both dyad members are included as 
part of the same group, without acknowledging the dyadic relationship. Dyads were 
measured to explore interpersonal factors, which are examined in Chapter 8, but not 
reported in the present chapter. Chapter 8 examines the concordance of awakenings 
within dyads, and acknowledges the dependence between dyad members.  
6.1.2 Measures 
Data collection consisted of three separate components (1) completion of a 
questionnaire regarding sleep, health, and daily habits, (2) wearing an activity monitor 
for a 14-day period, and (3) simultaneously keeping a sleep diary for a 14-day period. 
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These measures and procedure are described below. Figure 6.1 shows the constructs 
assessed in this study, along with their associated measures in the context of the 
conceptual model presented in Chapter 2.  
Actigraphy. Wrist-based accelerometers (actigraphs) were chosen as a non-
invasive and low-burden method for measuring sleep-wake behaviour objectively in a 
naturalistic setting. Actiwatch-2 actigraphs (Philips Respironics) were utilised in the 
present study. The Actiwatch-2 incorporates an accelerometer to record uniaxial 
movement. In addition, the device captures light exposure via an exposed photodiode, 
calibrated to appropriate standards for measurement of traceable light sources 
(Koninklijke Philips Electronics, 2008). Wrist-worn actigraphs were the most 
commonly used measurement device for assessing naturalistic light exposure in the 
studies included in Chapter 6. For this study, data were collected in 1-minute intervals 
(epochs). Actigraphy was used to calculate descriptors of participants’ sleep, activity, 
rest-activity rhythm stability and light exposure. Data description and analysis was 
conducted using ActiWare software (Version 6.01) to determine participants’ sleep, 
activity, and rest-activity rhythm stability, while data from the light sensor were used 
to assess light exposure. Wrist-based measurement of light is regarded as an 
acceptable alternative to eye-based light assessment (Jardim et al., 2011), and 
provides a practical and unobtrusive method for longer-duration ambulatory studies in 
naturalistic settings. A 14-day measurement period was chosen as a result of findings 
by Rowe et al. (2008), who compared aggregates of sleep parameters in older adults 
over three, seven and 14 days, and recommended at least seven assessment days to 
best capture intra-individual variability, and findings from Van Someren (2007), who 
found that reliability increased with longer recording periods, and that over seven 
days was required for reliable estimates of rest-activity rhythm measures.  
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Figure 6.1. Study constructs and associated measurement methodology, shown in relation to the MISH conceptual model presented in 
Chapter 2. Measures described in this figure are applicable to all remaining studies reported in the thesis. 
. 
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Sleep Diary. The sleep diary asked participants to record their daily sleep 
timing (bed, wake, rise time and naps), as well as any notable events or periods when 
their actigraph was removed. Additionally, participants rated their nightly sleep 
quality in response to the question, “Overall, how would you rate the quality of your 
sleep last night?” on a 5-point scale from 1 = Very Poor to 5 = Excellent. The sleep 
diary can be found at Appendix B.  
Questionnaire. Participants completed a questionnaire battery relating to sleep 
health and daily habits. The questionnaire booklet provided to participants is attached 
at Appendix C.  
Self-rated sleep quality. Participants were asked to rate their overall quality of 
sleep with the question “Overall, how would you rate the quality of your sleep?” on a 
5-point scale from 1 = Very Poor to 5 = Excellent, as used in the National Sleep 
Foundation Survey epidemiological survey (Bliwise et al., 2009). 
Epworth Sleepiness Scale. (ESS; Johns, 1991). This eight-item measure asks 
participants to rate how likely they are to fall asleep in a variety of situations, on a 
scale from 0 (would never doze) to 3 (high chance of dozing). Possible scores range 
from 0 to 24, with higher scores indicating higher levels of sleepiness. The ESS is a 
widely used measure of daytime sleep propensity which, in this study, is used as a 
proxy measure of daytime alertness. The scale has adequate internal consistency (α = 
.88; Johns, 1991); the Cronbach’s alpha on the ESS was .71 for participants in this 
study.  
Geriatric Depression Scale – Short Form. (GDS-SF; Sheikh & Yesavage, 
1986). The GDS-SF consists of 15-item depression screening measure designed for 
use in an older adult population. Participants respond to statements using a 
dichotomous yes/no response format. Scores range from 0 to 15, with total scores 
over five suggestive of depression, and responses equal to or greater than 10 almost 
always indicative of depression (Sheikh & Yesavage, 1986). Cronbach’s alpha for the 
GDS-SF was 0.68 in this sample.  
Geriatric Anxiety Inventory  – Short Form. (GAI-SF; Byrne & Pachana, 2011) 
The GAI-SF is brief screening measure for generalized anxiety in older adult settings, 
consisting of five items with a dichotomous (agree/disagree) response format. Total 
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scores on the measure range from 0 to 5. The GDS-SF Cronbach’s alpha for the older 
adults reported in this study was 0.83.  
Health conditions, related symptoms, and medication. Participants were asked 
to report the presence of specific health conditions (e.g., heart disease, diabetes) and 
list any not specifically queried. A total number of medical conditions was calculated 
based on the number of conditions a participant endorsed/reported. Participants also 
rated how frequently nocturia (i.e., “How often is your sleep disturbed by the need to 
get up to go to the bathroom at night?”; 5-point response scale from 1 = “Every night 
or almost every night”, to 5 = “Never”) and pain (i.e., How often is your sleep 
disturbed by physical pain or discomfort at night?”; response scale as for nocturia) 
impacted upon their sleep. Medical conditions were adapted from those used in the 
National Sleep Foundation Survey, as were questions relating to pain and nocturia 
(see Bliwise et al., 2009). Finally, participants were asked to list the medications they 
were currently taking, and the total number of medications was calculated. 
Assessment of Quality of Life (AQOL-6D). The AQOL-6D (Allen, Inder, Lewin, 
Attia, & Kelly, 2013) was chosen as a measure of health-related quality of life 
designed in an Australian context and with available Australian norms. The AQOL-
6D contains 20 items and includes the subscales of independent living, mental health, 
coping, relationships, pain and senses. Although a variety of AQOL instruments are 
available, the 6D was chosen as it remains relatively brief and does not include any 
questions relating to sleep, which was a consideration to avoid artificially inflation of 
relationships between quality of life and sleep measures. 
6.1.3 Procedure  
The Queensland University of Technology Human Research Ethics Committee 
provided ethical clearance for this project (approval #1200000041). Two separate 
study procedures were used. These separate protocols were used to allow flexibility to 
recruit participants in a variety of contexts, and in order to maximise participation 
numbers. In the first version of the protocol, participants completed the questionnaire 
and then, if interested, opted in to the actigraphy and sleep diary component. 
Participants were able complete this questionnaire online or in hard copy in their own 
time, and returned hard copies via mail. At the conclusion of the questionnaire, 
participants were able to provide their contact details if they wished to be contacted 
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about the second portion of the study. Of those dyads that completed the 
questionnaire component first, two dyads continued on with the sleep monitoring 
(actigraphy and sleep diary) component. In the second procedure (completed by 17 
participants), participants completed all components simultaneously. Dyads either met 
with the researcher at their home (n = 15), at a university campus site (n = 1) and 
received instructions face to face, or received the study materials via mail (n = 1), 
with written instructions and contact details for the researcher. All participants 
provided written consent (consent form attached at Appendix D).  
During the sleep monitoring component, participants completed their daily sleep 
diary and wore an actigraph on their non-dominant wrist for two weeks, before the 
researcher either met them in their home to collect materials (n  = 17), or they sent 
materials back via mail (n  = 2). Participants were asked to continue with their usual 
daily routine, and followed their preferred, self-selected sleep schedules. Participants 
were alerted to the existence of the light sensor on the device and asked to keep the 
sensor exposed for the duration of the study. Study materials were labelled with 
participants’ names during data collection to ensure dyad members completed their 
own materials, and labels were removed upon return to the researcher. All study 
materials were stored in a locked filing cabinet following return. 
6.2 Analysis 
Data from participants’ questionnaires and sleep diaries was entered directly 
into comma separated values (.csv) format for further analysis. Individual scale scores 
and internal reliabilities were calculated by reversing and combining items as per 
scale requirements. All analyses were completed using the R statistical package 
(Version 3.0.2), except the AQOL-6D scale scoring, which was completed in SPSS 
(Version 22) using the instrument’s provided scoring algorithm syntax file. This 
scoring algorithm automatically imputes missing values up to 1 missing value per 3-4 
item dimension, over this threshold the dimension is dropped. Missing values stayed 
within this limit for all participants reported. As such, full dimension sets and overall 
scores are reported for all participants.  
6.2.1 Actigraphically-assessed sleep measures 
Data was downloaded from actigraphs using ActiWare (Version 6.01). 
Participants’ sleep diaries were used to identify and exclude periods where the 
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actigraph had been removed (as per Phillips Respironics, 2011; Rowe, McCrae, 
Campbell, Pe Benito, & Cheng, 2008) Nightly rest intervals were set manually based 
on times recorded in participants’ sleep diary, in combination with significant changes 
in activity amplitude and light exposure from actigraphy, as described by (McCrae et 
al., 2005). Manually set rest intervals have been found to be more accurate for sleep-
wake determination than automatically set rest intervals (Boyne, Sherry, Gallagher, 
Olsen, & Brooks, 2012). Within these rest intervals, sleep-wake detection was applied 
by ActiWare software (Version 6.01) using a medium sensitivity setting (which uses 
the Jean-Louis et al., 1996 algorithm), and the software determined sleep start and 
sleep end within each rest interval. The medium sensitivity algorithm was selected to 
balance sensitivity to wake with sensitivity to sleep, as per other studies using older 
adults as participants (Rowe, McCrae, Campbell, Horne, et al., 2008). Commonly-
reported variables capturing a number of dimensions of sleep were automatically 
calculated by ActiWare for each night of recording, as per standard definitions 
(Buysse, Ancoli-Israel, Edinger, Lichstein, & Morin, 2006; Phillips Respironics, 
2011). Actigraphy was used to quantify aspects of sleep timing, sleep efficiency, and 
sleep duration.  
Sleep timing. Sleep onset represents the time at which participants were 
estimated to have fallen asleep based on the number of minutes spent immobile, and 
sleep offset, or wake time, represents the final time at which participants were 
estimated to have awoken. Participants’ sleep midpoint was calculated as the time 
halfway between their sleep onset and wake time. 
Sleep efficiency. Measures of sleep efficiency calculated were wake after sleep 
onset (WASO), which is the total amount of time (following sleep onset) spent awake 
during the night, sleep onset latency (SOL; the amount of time taken to fall asleep), 
sleep efficiency (SE; the percent of time spent asleep) and percentage of night-time 
immobility (% immobile; the percentage of the sleep period spent immobile).  
Sleep duration. Sleep duration was defined by total sleep time (TST), 
measured as the period of time elapsed between time of first sleep onset and last sleep 
offset, less sleep onset latency and wake after sleep onset. It captures time scored as 
sleep based on the algorithm’s assessment of motor activity, rather than time in bed. 
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Intra-individual variability. For measures of diary-rated sleep quality, sleep 
efficiency, and duration, intra-individual variability (IIV) was described using the 
intra-individual coefficient of variation. This metric captures night-to-night variability 
in these sleep metrics, and a larger IIV represents greater night-to-night variability. 
Intra-individual variability was calculated as the mean referenced variation in that 
index’s scores (the individual’s standard deviation in each metric across the 
measurement period, divided by the mean of that metric, then multiplied by 100, as 
per Lemola, Ledermann, & Friedman, 2013; Rowe, McCrae, Campbell, Horne, et al., 
2008). Buysse et al. (2010) found significantly greater night-to-night variability in 
older adults with chronic insomnia in comparison to those without insomnia. Greater 
night-to-night sleep variability has also been associated with low-grade chronic 
inflammation in older-adults, including those with insomnia and carers (Okun et al., 
2012), as well as with subjective sleep quality and ratings of wellbeing (Lemola et al., 
2013).  
Following calculation of sleep variables for each night of recording, both the 
nightly summary data and the raw minute-level activity and light data were exported 
from ActiWare in .csv format. Overall measures of sleep and daytime activity metrics 
for each individual were calculated by averaging all recording periods, while raw 
minute-by-minute data was used to calculate rest-activity rhythm and light exposure 
descriptives as described below. 
Rest-activity rhythm stability. Three rest-activity indices were calculated to 
describe rest-activity rhythm stability: interdaily stability (IS), intradaily variability 
(IV), and relative amplitude (RA). These measures were originally described 
(Someren et al., 1999; Van Someren, Kessler, Mirmiran, & Swaab, 1997) for 
improved sensitivity in establishing the effects of light interventions in Alzheimer’s 
disease. Together, they allow quantification of rest-activity rhythm disruption. 
Interdaily Stability (IV) evaluates the amount of invariability between days across the 
actigraphic record, providing an indication of how well-related the individual’s 
rhythm is to environmental zeitgebers (presumed to be stable), and therefore the 
stability of an individual’s rest-activity rhythm. The second of these indices is 
intradaily variability (IV), which evaluates the fragmentation of an individual’s 
rhythm by summarising transitions between rest and activity. The final metric, 
Relative Amplitude (RA), is a ratio of the most active 10-hour period relative to the 
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least active 5-hour period. All three indices were computed by trimming the raw .csv 
data to include all and only complete 24-hour periods, from the first recorded 
midnight epoch to the minute preceding the last recorded midnight epoch. Following 
calculation of hourly activity means, IS, IV and RA were calculated using formulae 
presented in (Van Someren et al., 1999).  
6.2.2 Light Exposure 
A number of metrics were calculated from the minute-by-minute raw lux data to 
describe participants’ light exposure both during their waking day (out-of-bed 
periods) and across the 24-hour day were calculated from the minute-by-minute lux 
data. There is a risk of wrist-mounted actigraphs being covered by a sleeve 
intermittently, shielding the light monitor and causing errors in measurement. To 
account for this possibility, epochs recording light exposure levels below 1 lux during 
participants’ out-of-bed periods were excluded from analysis, as per Scheuermaier et 
al. (2010). Individual light exposure data were smoothed using a 5-minute moving 
average, with linear interpolation to estimate values for remaining missing epochs (as 
per Reid et al., 2014). 
Mean lux exposure. Mean lux exposure was calculated as the mean level of 
light exposure that participants were exposed to during their waking hours.  
Time spent in categories. The number of minutes spent in each of four 
illuminance categories (1-10, 10-100, 100-1000, over 1000 lux), as well as the 
percentage of their waking day spent in each of these categories were calculated to aid 
in comparability to other studies documenting light exposure in this population.  
Time Above Threshold (TAT). TAT was calculated as the average number of 
minutes each day spent above a set illuminance threshold, with daily time above 
threshold calculated and then averaged across the recording period for each 
participant Turner and Mainster (2008) characterized losses in circadian 
photoreception associated with age. Based on light thresholds at which younger adults 
are found to free-run (suggestive of no input from light to the body’s circadian 
system), Turner and Mainster (2008) estimated that at age 65, the light exposure 
threshold required to avoid free-running would be 256-640 lux, with the threshold 
moving up to 536-1340 lux in 85 year olds. These estimates of minimum circadian 
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stimulation thresholds in older adults informed the decision to calculate TAT for a 
selected range of values from 250 to 3000 lux (at 250, 500, 1000, 1500 and 3000 lux). 
Mean light timing above threshold (MLiT). A number of previous studies 
described in Chapter 5 fit cosine curves to their participants’ light exposure profile to 
model the timing of peak exposure. However, a cosine model may not always 
describe the light exposure profile well, often providing a poor fit to the data (Van 
Someren et al., 1997). In this study, timing is captured using a recently described 
alternative method; the mean light timing above threshold (MLiT) method described 
by Reid et al. (2014). MLiT is a summary measure capturing light intensity, duration, 
and timing, and describes the time around which an individuals’ light exposure over a 
set threshold is centred. It is calculated as per the formula described by Reid et al. 
(2014), with adjustment for the 1-minute measurement resolution used in this study. 
MLiT was calculated for a range of light thresholds from 250 to 3000 lux to reflect 
those used for TAT calculations. The MLiT metric indicates the minute of the 24-
hour day around which the light exposure is centred. 
6.3 Results 
The included 19 participants (10 female, 9 male) had a mean age of 73.37 years 
(SD = 5.27, range: 65 to 83 years). Three participants reported working in a part-time 
or casual capacity, with fifteen retired (one missing), and seven participants reported 
volunteering in their community. Seventeen (89.47%) participants had valid 
actigraphy data for all 14 nights; the remaining two participants had 13 nights of valid 
data (mean recording period = 13.89 nights, SD = 0.32). Any 24-hour periods 
containing four hours or more of missing data were excluded in the calculation of 
rest-activity variable calculations (IS, IV, RA). One participant had two 24-hour 
periods removed, and two additional participants had one 24-hour period excluded 
from calculation of rest-activity variables. For the calculation of all light variables, if 
participants had missing data (recorded as less than 1 lux during their waking day) for 
4 hours or more, that day was removed from calculation of light variables (i.e., mean 
lux, MLiT and TAT). Following exclusion of these days, the average number of 
recording days used for calculation of light variables was 12.4 (SD = 12.4, range: 7 – 
14). Following exclusion of these periods within an individuals’ record, light and 
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sleep-wake outcome variables were calculated for all participants, with no missing 
data. 
For subjectively measured variables, there was no missing data on the 
demographic, sleep quality, or GAI variables. A very small proportion of missing data 
in the AQOL6D (0.003%) and GDS (0.007%) was resolved through scale-specific 
adjustments. The scoring algorithm for the AQOL-6D includes missing value 
imputation, while the GDS scale scores were adjusted for missing data as per scale 
author recommendations (Sheikh & Yesavage, 1986). Univariate assumptions for 
parametric analyses were examined via visual inspection of histograms and p-p plots, 
as well as examination of skewness and kurtosis values. In cases where parametric 
assumptions were violated, non-parametric equivalent tests were conducted and noted 
in text.  
6.3.1 Sleep and rest-activity function 
The means and standard deviations for each sleep-wake outcomes are reported 
in Table 6.1.  
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Table 6.1 
Means and Standard Deviations of Sleep and Rest-Activity Measures 
Method Sleep dimension M SD 
Self-rated Satisfaction   
   General quality 3.47 1.07 
   Diary quality 3.77 0.41 
 Alertness   
   ESS 5.34 3.50 
Actigraphy Timing   
   Sleep onset time 10:08pm 52 mins 
   Midpoint  02:11am 42 mins 
   Wake time 06:15am 49 mins 
 Efficiency   
   SE 85.44% 6.44% 
   WASO 53.40 mins 28.61 mins 
   SOL 10.06 mins 12.36 mins 
 Duration   
   TST 433.04 
mins 
55.52 mins 
 Rest-activity   
   IS 0.58 0.08 
   IV 0.88 0.21 
   RA 0.94 0.04 
n = 19 
Bivariate correlations between the sleep variables were examined to assess 
inter-relationships, and are presented in Table 6.2. Correlations between different 
sleep dimensions were generally modest, suggesting that these dimensions might 
capture unique information about sleep. The strongest between-dimension 
relationship occurred between total sleep time and wake time (where late wake time 
was associated with longer sleep duration). To investigate relationships between sleep 
and light exposure, one measure was selected for each dimension of interest. Where 
multiple measures of the same aspect were measured, variables that were most highly 
correlated with within-dimension measures and weakly correlated with other aspects 
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were selected for further analysis. These aspects were satisfaction (diary quality), 
alertness (ESS), timing (midpoint), efficiency (SE) and duration (TST).  
 Of the 19 individuals included, nine (47%) had a sleep duration less than the 
recommended 7-8 hours recommended for older adults by the National Sleep 
Foundation (Hirshkowitz et al., 2015). Four (21%) had a sleep duration over the 
recommended duration, and six (32%) had a sleep duration between 7-8 hours, within 
the recommended duration. Only one person had an average sleep duration higher 
than the upper “may be acceptable” figure of 9 hours, and no participants had a sleep 
duration less than the lower “may be acceptable” figure of 5 hours. 
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Table 6.2 
Correlations between sleep variables 
  Sat. Alert. Timing    Efficiency 
   1.    2.    3.
 1









Self-rated Satisfaction              
   1. General quality 1.00             
   2. Diary quality  .68
**
 1.00            
 Alertness              
   3. ESS
1  .22   .20  1.00          
Actigraphy Timing              
   4. Sleep onset  .27   .09   .03  1.00        
   5. Midpoint   .10  -.07   .18   .85
**
 1.00       
   6. Wake time -.12  -.23   .29   .40  .82
**
 1.00      
 Efficiency              
   7. SE
1  .16 -.02  -.20   .16  .24  .23  1.00    
   8. % Immob.
1 
 .14  -.04   .17   .11  .20  .22    .94
** 
1.00   
   9. WASO
1




   
   10. SOL
1
  .19  .21   .57
2




   
 Duration              






 -.27 -.30 
Note. ESS = Epworth Sleepiness Scale, SE = Sleep Efficiency, % Immob = Percent Immobility, WASO = Wake After Sleep Onset, SOL = Sleep Onset Latency, TST = Total 
Sleep Time, 
1
Variable non-normal, spearman’s rho also calculated, with no change in reported correlation significance unless indicated. 2Significant Pearson’s correlation (p 
< .05) no longer significant when spearman’s rho calculated. * = p < .05, ** = p <.01. Variables used in subsequent analyses are bolded on the left side.  
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6.3.2 Psychological health, physical health and daytime activity 
Participants scores on measures of psychological health, physical health, 
daytime activity and health-related quality of life is reported in Table 6.3. No 
participants had GDS-SF scores suggestive of depression, while two participants had 
GAI-SF scores indicative of generalized anxiety. On average, participants reported 
that their sleep was disrupted by the need to visit the bathroom at night between a 
few nights a week to a few nights a month, while participants responded that pain 
disrupted their sleep between a few nights a month and rarely. 
Table 6.3 
Mean and standard deviation for measures of psychological health, physical health 
and daily activity.  
Measure M SD 
Psychological Health   
  GDS-SF 1.59 1.69 
  GAI-SF 0.68  1.33 
Physical Health   
  # medical conditions 2.05 1.58 
  # medications 5.17 2.53 
  Pain 3.68 1.34 
  Nocturia 2.16 1.61 
Daily Activity   
  Mean daytime activity 235.94 64.48 
 
6.3.3 Health-related quality of life 
Participants’ mean overall AQOL-6D score was 0.82 (SD = 0.09). When 
compared to the AQOL norms for Australians of a similar age, those aged 65-74 (M 
= 0.85, SD = 0.09) had higher overall health-related quality of life than the reference 
group (M = 0.77, SD = 0.09), as did those aged 75 years and older (M = 0.79, SD = 
0.08) compared to instrument reference group of M = 0.75, SD = 0.02. Higher scores 
represent higher health-related quality of life. 
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6.3.4 Light exposure 
To aid comparison with previous studies, light exposure is reported both as 
mean lux in Table 6.4, and as the amount of time spent above different thresholds of 
light exposure. On average, participants in this study spent 25.21% of their waking 
day in light levels from 1-10 lux, 42.21% of their waking day in light levels from 10-
100 lux, 20.58% of their waking day in levels from 100 to 1000 lux, and 11.57% of 
their waking day in levels over 1000 lux. Figure 6.2 shows the mean light exposure 
for all participants across the 24-hour day. Participants spent, on average, 195 
minutes (SD = 70 minutes) per day in light exposure over 250 lux. This exposure was 
centred around 11:41am (SD = 42 minutes). 
 
Table 6.4 
Mean and standard deviation of total light exposure and time spent above different 
thresholds of light exposure, in minutes and percentage of waking day. 
Light measure M SD 
Mean lux exposure 895 lux 429 
1 – 10 lux a 235.80 (25.11%) 85.37 (8.66) 
10 – 100 lux a 389.10 (41.95 %) 84.74 (8.80) 
100 – 1000 lux a 191.41 (20.74 %) 76.69 (8.77) 
1000 – 3000 luxa 50.27 (5.37 %) 20.79 (2.24) 
Over 3000 lux
a
 60.28 (6.47 %) 32.52 (3.58) 
a 
presented as minutes (% waking day) 
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Figure 6.2. Participants’ mean lux exposure level per clock hour. Error bars 
represent 95% confidence interval for the mean. Lux is shown on a logarithmic scale.  
6.3.5 Relationships between light and sleep-wake outcomes 
Hypothesis 1: Increased daytime light exposure would be related to increased 
sleep efficiency and more stable rest-activity patterns. 
Mean daily lux exposure. Correlations were calculated between mean daily 
light exposure and sleep-wake outcomes. Spearman’s correlations are reported, as 
mean lux exposure was non-normally distributed. The only significant relationship 
between mean daytime lux exposure and sleep-wake outcomes occurred with relative 
amplitude of the rest-activity rhythm (ρ = .51, p = .024). The correlation between 
average daytime lux exposure and average daytime activity was .39 (p = .096), and 
the correlation between number of medical conditions and average daytime light 
exposure was -.25 (p = .299).  
Time above Threshold (TAT). A sensitivity analysis was conducted to 
establish the TAT value with the strongest association with the outcome variables 
(note that time above threshold values are presented as TAT followed by the 
threshold evaluated. For example, TAT100 refers to the average number of minutes 
per day spent exposed to light over 100 lux). These sensitivity analyses were 
conducted because there is no agreement on what threshold of naturalistic light 
exposure might be important for regulating sleep-wake behaviour, particularly in 
older adults. Previous research has reported disparate thresholds (see Chapter 5), and 
 98 Chapter 7: Study 3 – Sleep-wake behaviour and modifiable influencing factors in Australian older adults 
just two (see Hood et al., 2004 & Reid et al., 2014) have used the current approach of 
investigating multiple light thresholds. Sleep efficiency was chosen as the 
representative outcome for the sensitivity analysis. Sleep efficiency is a primary 
outcome of interest that generally degrades with increasing age, is a well understood 
clinical indicator of sleep integrity, and is a preferred target for improvement via 
interventions. Correlations between TAT250 and sleep efficiency are shown in Table 
6.5. 
The strongest relationship between any of the examined light thresholds and 
sleep efficiency occurred at the 250 lux threshold. Therefore, this threshold was 
chosen for subsequent analyses. Bivariate correlations (Pearson’s r) between 
TAT250 and sleep outcomes are reported in Table 6.5. As ESS, Sleep Efficiency and 
RA were all non-normally distributed, correlations examining these variables were 
examined using Spearman’s rho. 
 
Table 6.5 
Relationships between daily time spent over 250 lux and sleep and rest-activity 
outcomes. 
Area Metric r CI p 
Sleep Diary quality  .12 -.35, .55 .613 
   IIV  .03 -.43, .47 .917 
 ESS a -.14 -.56, .33 .574 
 Midpoint -.05 -.49, .42 .841 
 Sleep Efficiency a  .57  .16, .82 .010 
   IIV -.58 -.82, -.17 .010 
 Duration  .29 -.19, .66 .230 
   IIV -.46 -.76, -.01 .046 
Rest-activity IS  .28 -.22, .66 .130 
 IV  -.26 -.65, .24 .179 
 RA a  .69  .34, .87 .001 
Note. N = 19, 
a
 = non-normal variable, ρ reported instead of r; bolded values significant at p 
< .05.  
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Significant correlations were found between TAT250 and four sleep outcomes: 
sleep efficiency, sleep efficiency intra-individual variability, sleep duration intra-
individual variability, and relative amplitude. Figure 6.3 summarizes the correlations 
demonstrated between TAT250 and sleep outcomes in the context of the MISH 
conceptual model. 
 
Figure 6.3. Significant relationships between time spent above 250 lux and and 
sleep-wake outcomes. 
Mean Light Timing Above Threshold (MLiT). While TAT describes the 
intensity and duration of light exposure, it does not capture the timing of light 
exposure. To capture timing, relationships between MLiT and sleep outcomes were 
calculated for thresholds from 250 lux to 3000 lux. Sensitivity analyses were again 
conducted to establish the threshold with the strongest relationship to sleep, with 
sleep efficiency being chosen as the representative outcome. The strongest 
relationship between MLiT and sleep occurred at 1000 lux. Table 6.6 shows the 
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relationships between timing of light exposure over 1000 lux and sleep-wake 
outcomes. As for TAT correlations, spearman correlations were conducted on 
relationships with ESS, SE and RA. 
Table 6.6 
Relationships between timing of light exposure over 1000 lux (MLiT1000) and sleep-
wake behaviour outcomes. 
Outcome Metric r CI p 
Sleep Health Diary quality -.38 -.71, .09 .105 
   IIV  .14 -.33, .56 .558 
 ESS a  .09 -.38, .09 .725 
 Midpoint  .37 -.10, .70 .121 
 Sleep Efficiency a  .45 -.01, .75 .055 
   IIV -.39 -.13, .69 .098 
 Duration  .58   .16, .82 .010 
   IIV -.27 -.64, .21 .272 
Rest-activity IS -.12 -.56, .37 .630 
 IV  -.46 -.76, .01 .054 
 RA a  .46  .01, .76 .047 
Note. Pearson’s r reported unless noted. N = 19, a = non-normal variable, ρ reported 
instead of r; bolded values significant at p < .05. 
Light timing, as captured through the MLiT at 1000 lux, was significantly and 
positively related to sleep duration and relative amplitude (as shown in Figure 6.4). 
This suggests that individuals whose light was centred around a later time in the day 
spent longer asleep at night, and had a greater rest-activity rhythm amplitude (i.e., 
greater difference between most and least active periods of the day). Although not 
significant, likely due to low statistical power, there were moderate relationships 
between MLiT1000 and sleep efficiency and intradaily variability, such that those 
who received their light later had higher sleep efficiency and less fragmented activity 
rhythms from hour-to-hour across the day.  
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Figure 6.4. Significant relationships between timing of light exposure and sleep-
wake outcomes. 
6.3.6 Relationships between other factors and sleep-wake behaviour 
Hypothesis 2: Higher psychological wellbeing, fewer medical conditions, and 
higher activity levels would be associated with increased sleep efficiency. 
Hypothesis 3: Sleep efficiency would be associated with higher health-related 
quality of life. 
The relationship between measures of psychological, physical and behavioural 
factors with sleep efficiency was assessed via bivariate correlations, as was the 
relationship between sleep efficiency and health-related quality of life (as an 
indicative functional outcome). These relationships are reported in Table 6.7. Sleep 
Efficiency was negatively skewed, and the GDS, GAI and total medical conditions 
were all positively skewed, therefore Spearman’s Rho correlations are reported for 
all relationships. 
 102 Chapter 7: Study 3 – Sleep-wake behaviour and modifiable influencing factors in Australian older adults 
Table 6.7 
Spearman correlations between sleep efficiency, psychological, physical and 







 4. 5. 
Sleep       
  1. Sleep Efficiency 1.00     
Psychological      
  2. GDS -.41 1.00    
  3. GAI  .08  .39 1.00   
Physical      




  .29 1.00  
Daytime activity      





HRQOL      











 p < .05; 
**
 = p < .01. Correlations >=.30 are bolded. 
There were significant correlations between the number of medical conditions 
reported by participants and their sleep efficiency, depression levels, and average 
daily activity. Further, there were significant correlations between average daily 
activity levels and depression levels and number of medical conditions. Although not 
significant, a moderate correlation was found between depression and sleep 
efficiency. Health related quality of life was significantly correlated with all 
impacting factors, but despite a medium-strength correlation, was not significantly 
related to sleep efficiency. Overall, of all the impacting factors reported above, only 
the number of medical conditions (a measure of physical health) was statistically 
significantly associated with sleep efficiency in this sample. Although they were not 
statistically significant, possibly due to the limited sample size, depression scores 
and health-related quality of life both showed moderate to large correlations with 
sleep efficiency, while daily activity showed a small to medium correlation with 
sleep efficiency.  
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6.4 Discussion  
This chapter used the MISH model to describe sleep-wake behaviour in a 
sample of community-dwelling Australian older adults, and examined the 
relationship between light exposure and sleep efficiency. Additionally, it tested 
selected aspects of the MISH model by examining relationships between sleep wake 
outcomes and psychological, physiological and behavioural influencing factors, as 
well as health-related quality of life as an outcome. 
6.4.1 Light exposure patterns 
The results of this study add to the documentation of naturalistic light exposure 
in older adults living in the community. The time participants in this study spent in 
the reported intensity categories was similar to the proportions found in an older 
adult sample by Scheuermaier et al. (2010). In their sample of 22 older adults, 
participants spent 37.7% of their waking day in light levels above 100 lux (in this 
study, 32.15%), and 14.7% in levels 1000 lux or over (in this study, 11.57%).  
The included sample of older adults were living independently in the 
community (the majority were in Brisbane, Australia, a location which receives a 
great deal of natural light), and this study suggests that their light exposure was more 
similar to those seen in the healthy older adults reported by Scheuermaier et al. 
(2010) than it was to some reports of very limited light exposure in residential aged 
care settings, a setting in which Shochat et al. (2000) reported a mean of 34 minutes 
per day spent in levels over 1000 lux (and a median of only 10.5 minutes). The type 
of older adult sample may impact upon the light exposure participants experience. 
Although the current sample were not screened for medical disorders other than OSA 
and cognitive impairment, comparison to norms suggests that the sample had better 
health-related quality of life than other Australians of a similar age. As such, the 
sample is likely much closer to the healthy older adults reported by Scheuermaier et 
al. (2010) than to a residential care setting. Despite this, variations in habitual light 
exposure do seem to be related to some important sleep-wake outcomes. 
6.4.2 Relationships between light exposure and sleep-wake behaviour 
The first hypothesis was predicted that naturalistic light exposure would be 
significantly associated with sleep efficiency. This was supported, and relationships 
were found between light exposure both in terms of intensity and duration (as 
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captured by mean daily light exposure and TAT) and timing (as captured by MLiT). 
Mean daily light exposure was significantly associated with sleep efficiency, night-
to-night variability in sleep efficiency, night-to-night variability in sleep duration, 
and rest-activity rhythm amplitude. Increased daily exposure to light over 250 lux 
was associated with higher sleep efficiency, reduced night-to-night variability in 
sleep efficiency and sleep duration, and larger amplitude in the rest-activity rhythm 
(greater differentiation between active and inactive periods). The timing of light 
exposure over 1000 lux was significantly correlated with sleep duration, as well as 
with the rest-activity rhythm amplitude. Those participants who received their bright 
light later in the day had longer sleep duration, and a greater rest-activity rhythm 
amplitude. A number of other relationships showed moderate effect sizes, and should 
be followed up with larger sample sizes for greater statistical power. 
Although a causal order cannot be identified from the current study, the results 
suggest that more daily naturalistic light exposure could improve sleep efficiency, as 
well as night-to-night variability in sleep efficiency and duration. These relationships 
with night-to-night variability are notable due to previous findings suggesting that 
variability in sleep is associated with negative outcomes. Sleep duration variability 
had a stronger relationship to subjective sleep quality and wellbeing than did average 
sleep duration in a large study of actigraphically recorded sleep (Lemola et al., 
2013), and variability has also been associated with insomnia (Buysse et al., 2010; 
Okun et al., 2012).  
The only other study in Australian older adults examining relationships 
between light and sleep are results from Hood et al. (2004). These results broadly 
support the findings by (Hood et al., 2004), who found that time spent above a light 
threshold of 3000 lux, activity, and pain each predicted night-time immobility (a 
measure of sleep efficiency), but did not predict self-reported sleep quality (as 
assessed using the PSQI and sleep diary). While 3000 lux was the critical threshold 
supported in that sample, lower illuminance thresholds were found to have the 
strongest association with sleep efficiency in this study. This study extends on 
previous findings by examining the relationship between light and a number of other 
distinct dimensions of sleep that together can be conceptualised as sleep health, as 
well as variability in these dimensions and rest-activity rhythms.   
 Chapter 6: Study 3 – Sleep-wake behaviour and modifiable influencing factors in Australian older adults 105 
Time spent above a threshold of 250 lux demonstrated the strongest 
relationship with sleep efficiency in this sample (equivalent to light in ordinary 
indoor living environments). It is difficult to speculate whether this specific threshold 
may generalize to different samples, in particular to other age groups or to 
environmental conditions. This threshold fits with the results of Turner and Mainster 
(2008), who estimated that 256-640 lux would be the minimum light level sufficient 
to stimulate the circadian system in individuals aged 65 and older (given reductions 
of light transmission due to changes in the eye). This means that a threshold of 250 
lux would capture all light above the threshold likely to stimulate the circadian 
system, whilst excluding periods where light is present at subthreshold intensities. 
Direct research investigating the lower threshold for photoreception in older adults 
may help to clarify the minimum amount of light required to stimulate the circadian 
system in older adults. 
Stronger relationships were found between light exposure and some sleep 
outcomes than were found between sleep and other factors with well-documented 
relationships with sleep (i.e., depression, anxiety, and daytime activity). This study 
included a non-clinical population, and these effects could change, or be amplified, 
in clinical groups. Although the relative contributions were not examined in this 
study, these results suggest that environmental light warrants further study.  
6.4.3 Psychological, physical, and behavioural factors, and health-related 
quality of life 
The second hypothesis was partially supported. Of the handful of 
psychological, physical and behavioural factors assessed for their relationship with 
sleep efficiency, only the number of medical conditions reported by participants (an 
indicator of physical health) was found to be significantly related to sleep efficiency. 
Although not significant, there was a moderate to large correlation between 
depression and sleep efficiency, and a small to medium correlation between average 
daily activity levels and sleep efficiency. Given that medical comorbidities occur in a 
high proportion of older adults (Foley et al., 2004), this suggests that medical 
conditions are an important underlying determinant of sleep quality in older adults. It 
could indicate that the data reported in Chapter 4 overestimates the proportion of 
older adults with sleep complaints, as it may capture only those older adults with 
comorbid medical conditions. Finally, although the relationship was not statistically 
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significant, sleep efficiency was moderately correlated with health-related quality of 
life, suggesting that those with higher sleep efficiency had better day-to-day quality 
of life. 
6.5 Limitations 
The ability of actigraphy to accurately assess SOL and SE (relative to PSG) is 
debated (Sadeh, 2011). However, as the sleep efficiency measure best summarised 
the intended construct, and was strongly related to other measures of efficiency that 
make less assumptions about sleep-wake status, it was chosen as a key sleep-wake 
outcome. The measure of light exposure used in the study was lux. The limitations of 
lux as a measure of circadian stimulus are outlined in Chapter 5. Development of 
suitably robust ambulatory measurement devices will allow measurement of 
wavelength in the future, however this area is currently limited somewhat by 
measurement technology. This study did not control for, or keep constant, the time of 
year in which participants were measured, and includes two participants at 
heterogeneous latitudes, both of which may impact on light exposure.  
Broad inclusion criteria were chosen in order to better represent older adults in 
the population. Although these broader criteria ensure the inclusion of older adults 
that are not unrealistically healthy, the included participants did have a range of 
medical conditions and associated medications, many of which can have a significant 
impact on sleep quality. It is possible medical conditions confound the relationship 
between light and sleep, such that those with poorer health are exposed to less light, 
and that medical conditions account for the correlation between light and sleep. 
These relationships are of practical interest and should be explored in future 
research. The inclusion criteria did not require that participants experienced any 
sleep difficulties, and recruitment materials explicitly stated that individuals did not 
have to experience difficulties with their sleep to participate. It is possible, however, 
that participants who experienced difficulties with their sleep were more likely to 
respond to the study recruitment information and that the sample reflects those with 
poorer sleep than the general Australian older adult population. 
The small sample size restricted statistical power, and may limit replicability of 
the results, although this sample size is similar to other studies assessing light 
exposure in older adults (Figueiro et al., 2012; Hood et al., 2004; Scheuermaier et al., 
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2010; respective N = 16, 33, 22,). The analyses were exploratory, and as such 
adjustments for multiple comparisons were not made. Future research should be 
undertaken to replicate and further examine the reported relationships. A major 
limitation of this study is the fact that the sample allows for examination of bivariate 
relationships only. The sample size precludes evaluation of the relative contribution 
of light in the context of other factors demonstrated to have an impact on sleep in this 
population, which also are likely related to light exposure (e.g. activity levels). 
Future studies with larger sample sizes but similar measurement techniques would be 
required to have sufficient power to examine these relative contributions. 
Establishing the relative contributions of light and activity is of particular interest, as 
these variables were moderately correlated in this sample. 
6.6 Strengths 
The 14-day measurement period provided a reliable and stable estimate of 
objective sleep parameters and light exposure. The 14-day measurement window is 
longer than those used by Hood et al. (2004; three 24-hour periods) and 
(Scheuermaier et al., 2010; mean recording length of 5 days), increasing the 
likelihood that the estimates reported are indicative of participants’ usual behaviour, 
and significantly increasing measurement stability. Further, this measurement period 
allows for the inclusion of individuals with a range of sleep routines (rather than 
those meeting specific requirements as described in Hood et al. (2004). This study 
builds on the findings of (Scheuermaier et al., 2010) by assessing the relationship 
between light and sleep-wake outcomes. Additionally, it uses a novel metric (MLiT) 
that incorporates information about light, duration, intensity, and timing. 
Additionally, it addresses the need for examination of naturalistic light exposure and 
its relationship to sleep outside of a North American setting, which Chapter 5 
showed has so far been minimal, both in terms of quantity of reports and included 
participant numbers.  
This study is the first to demonstrate a relationship between light exposure and 
variability of sleep health dimensions. It is also the first to demonstrate a relationship 
between ambient light exposure and stability of the rest-activity rhythm. There is a 
strong theoretical basis for a relationship between habitual light exposure and more 
robust rest-activity rhythms, and Van Someren et al. (1997) demonstrated that 
indirect changes to the light environment resulted in improved actigraphically rest-
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activity rhythms, measured using the same variables reported in this study, in people 
with dementia. However, the systematic review reported in Chapter 4 shows that 
only other one study (Jean-Louis, Kripke, Elliott, et al., 2005) has examined the 
relationship between habitual light exposure and a circadian marker (melatonin 
expression and timing).  
As rest-activity rhythm metrics are derived from activity measurement, the 
current findings will at least in part reflect the relationship between light exposure 
and daytime activity levels. However, this relationship is likely bidirectional; 
although those with robust rest-activity rhythms are likely to be exposed to more 
light, trials manipulating light exposure have shown that the reverse is also true: 
changes in light can improve actigraphically-measured rest-activity functioning 
(Someren et al., 1999).  
6.6.1 Conclusions 
In light of the findings of Chapter 5, this study investigated the relationship 
between light exposure and sleep-wake outcomes in a sample of community-
dwelling Australian older adults. Additionally, it included assessment of a number of 
factors identified in the MISH conceptual model as influences on sleep in older 
adults. The results of this study showed relationships between measures of 
naturalistic light exposure and sleep-wake outcomes, and suggest that future research 
capturing light exposure in conjunction with other variables influencing sleep is 
warranted. Further, it provides direct support for one aspect of the MISH model by 
suggesting that light exposure, as an environmental factor, can influence aspects of 
sleep health. Practical implications for the development of interventions resulting 
from this study are discussed in Chapter 10. These findings provide results in older 
adults with health-related quality of life above people of a similar age in Australia. 
The role of light in other ageing scenarios such as dementia or dementia care is 
examined in subsequent chapters. 
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Chapter 7: Study 4a – Sleep-wake behaviour and influencing factors in 
community dementia carers: comparisons to older adults 
This chapter focuses on a subset of individuals for whom the effects of ageing 
upon sleep may be exacerbated by their role in dementia care. Following earlier 
exploration of sleep and evaluation of light in community samples of independently 
living older adults, this study focuses on a specific ageing scenario: community 
dementia care. The purpose of this chapter is to use the MISH conceptual model 
presented in Chapter 2 to guide comparisons between dementia carers and older 
adults on sleep-wake behaviour and on selected contributing factors related to sleep 
health. It builds on existing comparisons between carers and older adults by using a 
conceptual framework to identify relevant factors, reporting on multiple dimensions 
of sleep health using both subjective and objective measures, and including metrics 
that have previously received limited attention in carers, specifically rest-activity 
indices (a proxy measure for circadian function) and light exposure.  
Approximately a quarter of people with dementia in the sample described in 
Chapter 3 were prescribed sleep medication, which suggests that they were 
experiencing clinically significant sleep disturbance. Given the critical role that carers 
play in dementia care, there has been increasing attention to the sleep quality of 
home-based carers, to establish whether sleep disruption in dementia has 
consequences for both dyad members. As such, a number of studies have compared 
the sleep of carers to that of older adults who do not provide such care.  
A number of studies have sought to investigate whether carers experience more 
sleep disturbance than would be expected in non-carers of a similar age. In those 
studies that have examined subjective sleep quality, many have reported differences 
between carers and non-carers. Wilcox and King (1999) found that carers reported 
more sleep issues than non-carers on all seven aspects of the PSQI. Willette-Murphy 
et al. (2006) also found self-reported carer sleep to be significantly worse than that of 
non-carers on six out of eight measured sleep components, while those in a study by 
McKibbin et al. (2005) reported poorer sleep quality and more daytime sleepiness 
than non-carers, results supported by other studies comparing subjectively rated sleep 
between carers and non-carers (Cupidi et al., 2012; von Känel et al., 2010). 
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Differences in objective sleep have been less frequently demonstrated. Based on 
a 2013 review (Peng & Chang, 2013) and additional searches of the literature, seven 
studies were identified that compared current dementia carers to a non-carer 
comparison group on objective sleep measures. These studies are summarised in 
Table 7.1. Five studies used polysomnography to objectively measure sleep (Castro et 
al., 2009; Fonareva et al., 2011; McKibbin et al., 2005; Mills et al., 2009; von Känel 
et al., 2006) and two used actigraphy (Rowe, McCrae, Campbell, Pe Benito, et al., 
2008; von Känel et al., 2010). Of the seven studies using objective measures, one did 
not find differences between groups on any objectively measured sleep variables. 
Castro et al. (2009) found minimal differences between carers and non-carers on 
PSG-measured sleep, noting extremely limited slow wave sleep (restorative sleep) in 
both groups. However, in this case the non-carer comparison group consisted of those 
with reported sleep problems, making interpretation problematic.  
The remaining studies found differences between groups on some sleep 
characteristics, but not others. Fonareva et al. (2011) found that carers reported more 
problems than non-carers on the Pittsburgh Sleep Quality Index (a subjective 
measure), but that sleep parameters such as sleep onset latency (SOL), wake after 
sleep onset (WASO) and sleep efficiency (SE), measured via one night of portable 
polysomnography (PSG), were not significantly different between the two groups, 
while examination of the sleep architecture profile (the sleep stages across the night-
time sleep period) suggested that carers spent more time in non-restorative sleep 
stages than did the comparison group.  
The two studies that used actigraphy to assess sleep both found differences 
between groups on some sleep characteristics but not others (Rowe, McCrae, 
Campbell, Pe Benito, et al., 2008; von Känel et al., 2010). Rowe, McCrae, Campbell, 
Pe Benito, et al. (2008) found that carers had significantly worse actigraphically-
measured sleep in terms of less sleep duration and greater sleep onset latency. Further, 
they found that the night-to-night variability in carers' actigraphically-measured sleep 
duration and sleep efficiency was significantly greater than that of non-carers. (von 
Känel et al., 2010) found that carers had lower sleep efficiency and spent longer 
awake at night, despite having a similar number of night-time awakenings to the 
comparison group. Other measured sleep parameters were not significantly different 
between groups.  
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Table 7.1 
Results of studies comparing objectively-measured sleep in dementia carers to non-carer older adults.  
Study Sample Methodology Key Findings 
Castro et al., 2009 
 
 
All female, older adults, with self-
reported moderate sleep complaints 
9 carers; 34 non-carers   mild/mod 
sleep complaints 




Self report: Older carers reported more sleep problems than older non-carers on PSQI (note 
small sample size) 
Objective: No significant differences on PSG-measured sleep parameters  
 




73 spousal Alzheimer’s carers; 40 
older adult non-carers 
 
Self report: PSQI 
Objective: 1 night 
in-home PSG 
Self report: Carers of those with moderate/severe dementia reported poorer sleep quality than 
non-carers, and all carers reported more daytime dysfunction than non-carers 
Objective: Carers of those with moderate/severe dementia demonstrated significantly poorer 
sleep efficiency, less Stage 1 sleep and slow wave sleep than controls. This effect was greater 
with age. 
 
Rowe et al., 2008 
 
 
32 dementia carers;  
102 older adult non-carers 




Self report: Sleepiness during the day (ESS) higher for carers than non-carers, no differences 
in fatigue severity scores (FSS). 
Objective: Carers had significantly less TST and longer SOL, as well as significantly more 
night-to-night variation in TST and SE. 
 




97 older adult dementia carers; 48 
older adult non-carers 
 
 




Self report: Carers reported significantly poorer sleep. 
Objective: Carers had similar TST to non-carers, but significantly less sleep efficiency and 
longer WASO 
 Overall, although carers had a similar amount of sleep to controls, and woke up a similar 
number of times during the night, they spent more time awake when they woke up during the 
night, corresponding to a significantly longer amount of time awake after going to sleep. 
Fonareva et al., 
2011 
20 older adult dementia carers; 20 
older adult non-carers 
Self report: 
PSQI, ESS 
Objective: 24 hr 
ambulatory PSG 
Self report: Carers reported poorer sleep than non-carers on PSQI, but not more sleepiness on 
ESS. 
Objective: Carers had significantly greater proportions of sleep in N1, smaller proportions in 
Stage R, and greater sleep onset latency, suggesting less restful sleep. 
*PSQI – Pittsburgh Sleep Quality Index; ; ESS – Epworth Sleepiness Scale; MDSD – Morin Daily Sleep Diary; TST = Total Sleep Time; SOL = Sleep Onset 
Latency; WASO = Wake After Sleep Onset; VAS-F = Visual Analog Scale for Fatigue; VSH = Verran and Snyder-Halpern Sleep Scale (VSH); PSG = 
Polysomnography; FSS = Fatigue Severity Scale; SE = Sleep Efficiency. 
 112 Chapter 7: Study 4a – Sleep-wake behaviour and influencing factors in community dementia carers: 
comparisons to older adults 
Overall, although these results suggest differences between carers and older 
adults on objectively-measured sleep, the type of differences are less clear. 
Additionally, the measurement periods in studies comparing carers to non-carers have 
previously been quite limited. PSG assessment periods ranged from 1-3 nights, while 
the two studies using actigraphy used measurement windows of three days(von Känel 
et al., 2010) and 3-7 days ( Rowe, McCrae, Campbell, Pe Benito, et al., 2008). Such 
measurement windows may not capture night-to-night variability (Rowe, McCrae, 
Campbell, Horne, et al., 2008), which may be an issue for carers (Rowe, McCrae, 
Campbell, Pe Benito, et al., 2008). Although the previous literature suggests some 
discrepancies between subjectively and objectively measured sleep, such 
discrepancies are not uncommon in the broader population and in clinical disorders 
such as insomnia (Jean-Louis et al., 2000). Similarly, the fact that differences are 
sometimes found between groups on some sleep characteristics, but not others, is not 
unique to comparisons involving carers and older adults. Instead, they reflect need to 
consider sleep as multifactorial, and acknowledge the fact that changes on one 
dimension are not always accompanied by changes in other dimensions.  
While circadian processes are thought to play a role in sleep health in older 
adults, they remain relatively unexamined in carers, possibly as a result of more 
salient influences on sleep such as the interpersonal influence of their care recipient 
and potential psychological burden as a result of their role. Many carers are older 
adults themselves, and their care provision role may put them at increased risk of 
disrupted routines, and subsequently poorer sleep health (McCurry et al., 2007a). The 
extent to which circadian disruption may be relevant in carers is unknown. Only two 
studies were identified that assessed rest-activity rhythms in carers (Pollak, Stokes, & 
Wagner, 1997), one of which is a case-study (Higgins et al., 2010). No studies have 
compared rest-activity functioning between carers and a comparison group of older 
adults who do not provide care.  
The risk of disruption to routines also suggests that carers could be at higher 
risk of changes to their light exposure as a result of their role. The only study 
reporting habitual light exposure in community dementia carers is a case study 
(Higgins et al., 2010). The spousal dementia carer reported in this case study 
experienced high levels of circadian disruption and low exposure to bright light. 
These preliminary reports suggest that sleep-wake behaviour and light exposure 
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warrant investigation in dementia carers. Despite the fact that circadian disruption and 
light exposure remain relatively unexamined in dementia carers, as a group, carers 
have been included as participants in interventions manipulating light exposure in an 
attempt to improve sleep (Friedman et al., 2012). 
At present, comparisons of objectively measured sleep between carers and non-
carer older adults have been reported less frequently than comparisons of subjectively 
measured sleep. Additional comparisons between carers and non-carers on objective 
measures may help to determine whether there are specific dimensions of sleep that 
are consistently different between the two groups. Additionally, there is very limited 
published information on dementia carers’ rest-activity rhythms and light exposure, 
and no comparisons to non-carers of a similar age.  
In light of these gaps, this chapter reports comparison of the sleep and rest-
activity function of a sample of carers to a comparison group of older adults. Given 
the multifactorial influences on sleep health on both of these groups, the MISH is 
used to guide comparisons, with a particular focus on circadian factors and light 
exposure as an under-examined area. The aim of this chapter is to compare carers to 
older adults on sleep health outcomes, rest-activity rhythms, and influencing factors 
from four of the five groups (psychological, physical, behavioural and environmental) 
identified in the conceptual model presented in Chapter 2. The following chapter 
(Chapter 8) will address the remaining influencing factor described in the conceptual 
model (interpersonal).   
Based on previous research, it was predicted that: 
1. Carers would have poorer self-reported sleep quality (satisfaction) and self-
reported daytime sleepiness (alertness) in comparison to older adults. 
2. Carers would have poorer sleep on actigraphically-measured dimensions of 
sleep health (timing, efficiency and duration).  
3. Carers would have poorer psychological and physical health (factors 
influencing sleep disturbance) 
4. Carers would report poorer health-related quality of life (functional 
outcomes of sleep disturbance) 
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No predictions were made regarding between-group comparisons on rest-
activity rhythms or light exposure, given the lack of previously published research in 




Participants were a group of primary carers for a person with dementia. This 
chapter reports only on the carer in each dyad (n = 7). Further description of the 
dyads occurs in the following chapter. To be eligible to participate, the primary carer 
was required to reside with their care recipient, report no diagnosis of Obstructive 
Sleep Apnoea (OSA), and have no suspected or diagnosed cognitive impairment. No 
other restrictions on medical conditions or age were applied. All dyads lived within 
two hours drive of Brisbane, Queensland. Five participants completed the study 
during Autumn, one completed the study in Summer, and one in Spring. A variety of 
recruitment methods were used to access participants (see Appendix E for a list of 
recruitment approaches). Three dyads were recruited via a local GP office, three were 
recruited as a result of participation in previous research studies, and one was 
recruited via a community services expo day. All provided written consent (see 
Appendix F). All participants were spousal carers, who had been caring for their 
partner for an average of 3.35 years (SD = 2.05 years). Older adult comparison 
participants were 19 independently-living older adults who currently resided with 
their partner, as previously described in Chapter 5. Characteristics of the two groups 
included in the study are reported in Table 7.2. 
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Table 7.2 
Carer and older adult group characteristics  
 Carer  
n = 7 
M (SD) 
Older adult 




Age 75.14 (6.89) 73.37 (5.27) .325 
Gender    
   Female 4 10  
   Male 3 9 1.00 
Work status    
   Part-time/casual 0 3 .540 
   Volunteer 3 7
b
 1.00 
Sleep arrangements    
   Same bed 6 (85.71%) 15 (79%)  
   Different rooms 1 (14.29%) 4 (21%) 1.00 
Note. All p-values reported are two-tailed. Comparisons for continuous variables 
were conducted using Wilcoxon rank-sum tests, and Fisher’s exact tests for 
categorical variables; 
b 
n = 18. 
7.1.2 Measures 
Data were collected via a questionnaire regarding sleep, health and daily habits, 
wearing an activity monitor for a 14-day period, and simultaneously keeping a sleep 
diary for a 14-day period. Measures were identical to those described in Chapter 5, 
with the addition of a number of questionnaire measures, as described below. The 
additional measures included in carers’ questionnaire booklets are included at 
Appendix G.  
Actigraphy. An Actiwatch-2 (Philips Respironics) recorded both movement 
and light exposure data at 1-minute intervals (epochs). Data description and analysis 
was identical to that described in Chapter 5, which provides additional description of 
actigraphic measurement. 
Sleep Diary. In addition to completing their own sleep diary, as described in 
Chapter 5, carers also completed a sleep diary for their care recipient (found at 
Appendix H), and were asked to note if they noticed their care recipient’s actigraph 
was removed at any point. 
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Questionnaire. Participants completed the same questionnaire battery 
addressing sleep, health, and daily habits as described in Chapter 5. Cronbach’s alpha 
for each of the reported scales were 0.91 for the ESS, 0.8 for the GDS-SF, and 0.82 
for the GAI-SF. In addition to these scales, carers completed a number of additional 
measures related to dementia and dementia care. These are described below. 
The Revised Memory and Behaviour Problems Checklist (RMBPC; Teri et 
al., 1992). The RMBPC is a carer-completed assessment of behavioural difficulties in 
people with dementia. The checklist asks carers to rate both the frequency of the 
occurrence of behaviours in the past week (from 0 = never occurred to 4 = daily or 
more often) and reaction toward behaviours, in terms of how much the behaviour 
bothered or upset the rater (from 0 = not at all to 4 = extremely). It consists of three 
subscales: Memory, Disruption and Depression. An example behaviour that is rated in 
the RMBPC is “Asking the same question over and over”. The internal consistency of 
frequency ratings on the RMBPC was .93 in the reported sample.  
The Sleep Disorders Inventory (SDI; Tractenberg & Singer, 2003)). The SDI 
is a carer-completed questionnaire that captures the frequency, severity and burden 
associated with sleep-disturbed behaviours in the person with dementia . Carers are 
asked to rate seven sleep behaviours on their Frequency (from 0 = Not present in the 
last two weeks, to 4 = Once or more per day (every night)), Severity (from 0 = Not 
present, to 3 = Marked), and Distress (from 0 = Not at all, to 5 = Very 
severely/extremely). An example behaviour that is rated in the SDI is “Awakening 
during the night”.  
The Zarit Burden Interview, Short-Form (ZBI-SF; Bédard et al., 2001). The 
12-item version of the ZBI was used to assess carers’ perception of burden related to 
their care role. This tool is very frequently used to assess carer burden, and asks carers 
to rate how much they feel a number of statements regarding care role impact are true, 
on a 5-point scale (from 0 = Never to 4 = Nearly Always). An example of a statement 
they are asked to rate is “do you feel that you should be doing more for your 
relative?”. Versions of the ZBI are frequently used to assess carer burden, and the 
internal consistency for this sample was .77 (Bédard et al., 2001). 
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7.2 Procedure 
The Queensland University of Technology Human Research Ethics Committee 
approved the project (approval #1200000095). Eligibility for the study was 
determined via initial phone contact with participants, during which a date and time 
was set for a home visit to start the study. To commence participation, the researcher 
met with carers at their homes to discuss the study requirements, explain study 
materials and requirements, and fit the actigraph on both carers and individuals with 
dementia. Following the meeting, both carers and care recipients wore an actigraph 
(wrist based activity monitor) on their non-dominant wrist continuously for a period 
of 14 days. Participants were not required to remove the actigraph unless they were 
swimming or had a specific reason to remove the device.  
Carers were also asked to complete a daily sleep diary for the same 14-day 
period they wore their actigraph (see Appendix G). Carers completed this diary each 
day for both themselves and for their care recipient. Information about the devices 
was provided in the study materials. Participants were asked to be mindful of keeping 
the actigraph uncovered during the study to ensure exposure of the light sensor, and to 
assist with keeping their care recipient’s actigraph exposed as much as possible. 
During the two-week sleep monitoring period, carers also completed the questionnaire 
containing questions about their sleep, health, daily habits and care role. The 
questionnaire took approximately one hour to complete and was able to be completed 
at any point during the two-week measurement period of the study. 
7.3 Analysis 
Data from participants’ questionnaires and sleep diaries was entered directly 
into comma separated values (.csv) format for further analysis. Individual scale scores 
and internal reliabilities were calculated by reversing and combining items as per 
scale requirements. Analyses were completed using R (Version 3.0.2), AQOL-6D 
scale calculations, which were completed in SPSS (Version 22) using the instrument’s 
provided scoring algorithm syntax file. 
7.3.1 Actigraphically-assessed sleep measures 
Sleep. Data were downloaded from actigraphs using ActiWare (Version 6.01), 
and the sleep-wake scoring process was identical to that described in Chapter 5, with 
sleep diaries used to guide manual setting of rest intervals. Commonly-reported 
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variables capturing a number of dimensions of sleep were automatically calculated by 
ActiWare for each night of recording, as per standard definitions (see Actiwatch user 
manual and (Buysse et al., 2006). Actigraphy was used to measure aspects of sleep 
timing, efficiency and duration.  
Following calculation of sleep variables for each night of recording, both the 
night-by-night summary data and the raw activity and light data were exported from 
ActiWare in .csv format. Overall measures of sleep and daytime activity metrics for 
each individual were calculated by averaging all recording periods, while raw minute-
by-minute data was used to calculate rest-activity rhythm and light exposure 
descriptive variables. 
Rest-activity rhythm stability. Three rest-activity measures were calculated to 
describe rest-activity rhythm stability: interdaily stability (IS), intradaily variability 
(IV), and relative amplitude (RA). A description of the calculation and meaning of 
these summary variables can be found in Chapter 5.  
Light exposure. Measures of light exposure were calculated as per the 
description provided in Chapter 6.  
7.4 Results 
Ambulatory recording occurred for a maximum of 14 days. The mean recording 
period was 13.57 nights for carers (SD = 0.79; range: 12-14 nights), and 18.89 nights 
for the comparison older adults (SD = 0.32; range: 13-14 nights). Of the seven carers 
included, 71.43% of carers had valid data for all 14 nights, as did 89.47% of older 
adults. 
7.4.1 Sleep health and rest-activity function 
Between-group comparisons on all measured aspects of sleep health were 
conducted using Wilcoxon rank-sum tests, as the carer group sample size limited 
evaluation of normality of data. Table 8.2 reports the means, standard deviations and 
between group comparisons on aspects of sleep health and rest-activity variables.  
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Table 7.3 
Between group comparisons of sleep health and rest-activity rhythm measures.  
Method Sleep dimension Carers 
M(SD) 
n = 7 
Older Adults  
M (SD) 
n = 19 
W CI  p r 
Subjective Satisfaction       
   General quality 2.42 (0.98) 3.47 (1.07) 31 -2.00, -
.00005 
.04 .41 
   Sleep diary 3.40 (0.62) 3.77 (0.41) 45 -0.93, 0.21 .22 .24 
     Diary IIV 14.41 (17.09) 16.05 (0.41) 52 -17.33, 10.48 .42 .16 
 Alertness       
   ESS 8.71 (6.80) 5.34 (3.50) 84 -2.00, 9.00 .34 .19 
Actigraphy Timing       
   Onset time
 a
 21:59 (83) 22:08 (52) 68 -57, 61 .95 .01 
   Midpoint 
a
 02:01 (65) 02:11 (42) 56 -70, 54 .56 .11 
   Wake time
 a
 06:03 (68) 06:15 (49) 62 -56, 49 .79 .05 
 Efficiency       
   Efficiency 86.56% (2.04) 85.44% (6.54) 62 -3.92, 4.36 .82 .40 
     SE IIV 5.71 (0.93) 5.34 (2.62) 84 -1.22, 2.27 .333 .19 
   WASO
 b
 43.53 (11.10) 53.40 (28.61) 56.5 -24.57, 10.93 .58 .11 
   SOL
 b
 14.45 (1.87) 10.06 (12.36) 107 1.30, 11.30 .02 .46 
 Duration       
   TST
 b
 440.55 (73.96) 433.04 (55.52) 71 -53.57, 56.64 .82 .04 
     TST IIV 9.69 (4.11) 10.51 (3.49) 59 -4.99, 2.96 .693 .08 
 Rest-Activity       
 IS 0.67 (0.09) 0.58 (0.08) 103 0.005, 0.18 .04 .41 
 IV 0.84 (0.22) 0.87 (0.21) 60 -0.23, 0.15 .73 .07 
 RA 0.92 (0.05) 0.94 (0.04) 55 -0.05, 0.02 .53 .12 
Note.  p values significant at p <.05 are bolded, and r values demonstrating a medium 
or large effect sizes bolded; 
a
 reported in hh:mm (mins), 
b
 minutes; ESS = Epworth 
Sleepiness Scale. 
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Hypothesis 1: Carers would have poorer self-reported sleep quality and self-
reported daytime sleepiness than comparison older adults 
Table 7.3 shows that on subjectively measured aspects of sleep health, carers 
reported significantly poorer overall sleep quality than older adults. This was reflected 
in lower, but not significantly different sleep diary quality ratings, despite a small to 
medium effect size for the difference (i.e., r = .24). Established cutoffs were used to 
examine alertness by comparing the proportion of participants in each group reporting 
high levels of daytime sleepiness (an ESS of 10 or higher; comparisons used Fisher’s 
exact test). Table 7.4 shows that a significantly higher proportion of carers (4/7, 
57.14%) than older adults (2/7, 10.53%) had an ESS score indicating significant 
sleepiness (OR = 9.92; CI = 0.96, 159.68). One carer (14.29%) had an ESS score of 
18 or more, indicating that they were very sleepy.  
Table 7.4 
Proportion of each group meeting criteria for high levels of daytime sleepiness (As 
measured by the Epworth Sleepiness Scale). 
 Carer  
n = 7 
M (SD) 
Older adult 
n = 19 
M (SD) 
p 
ESS >= 10 4(57.14%) 2 (10.53%)
 
.03 
ESS >= 18 1 (14.29%) 0 (0.00%) .30 
Note. Significant comparisons are shown in bold. ESS = Epworth Sleepiness Scale. 
Hypothesis 2: Carers would have poorer actigraphically-measured sleep health 
outcomes. 
As shown in Table 7.3, on actigraphically-measured sleep health outcomes, the 
only significantly difference between groups occurred in comparisons of SOL, with 
carers taking significantly longer than the older adult comparison group to fall asleep 
at night by an average of 4.39 minutes. Although not significantly different, there 
were medium to large effect sizes for differences between the groups on sleep 
efficiency, and sleep fragmentation variability  
Based on findings from Rowe et al. (2008), the intra-individual variability (IIV) 
of measures of sleep efficiency and duration were examined to determine whether 
sleep was more variable in carers. Intra-individual variability captures night-to-night 
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stability or variability in that metric, and a higher value suggests that there is more 
night-to-night variation. The only significant difference between groups was on the 
night-to-night variability in sleep fragmentation, with carers showing more variability 
in sleep fragmentation than older adults. No predictions were made regarding 
between-group comparisons on rest-activity rhythms or light exposure, given the lack 
of previously published research in these areas. 
Comparison of rest-activity indices (presented in Table 7.3) across groups 
revealed that carers’ interdaily stability was significantly higher than that of older 
adults. This suggests that carers’ rest-activity rhythms tended to be more consistent 
across days. However, there were no differences between groups on measures of 
intradaily variability or relative amplitude of the rest-activity rhythm between groups.  
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7.4.2 Light Exposure 
Table 7.5 shows that there were no differences between light exposure levels in 
carers and comparison older adults on the amount of time spent in each of five lux 
categories. Carers also did not experience significantly less mean daily light exposure, 
although there was a small to moderate effect (r = .26) in the predicted direction. 
Figure 7.1 shows the 24-hour exposure profile of carers and older adults, which was 
similar for the two groups, reflecting the overall lack of differences between the 
groups on the light exposure variables presented in Table 7.6. 
Table 7.5 
Comparison of time spent in light exposure threshold categories in carers and older 
adults 
 Carers  Older Adults     
Light measure M (%) SD M SD W CI p r 
Mean exposure (lux)  635 352 895 429 45 -387.44, 132.81 .19 .26 
1 –10 lux (mins) 247  70  236  85  72.5 -0.06, 0.10 .75 -.06 
  (% waking day) (26%) (8%) (25%) (9%)     
10 – 100 lux  (mins) 401  83  389  85  73.5 -0.07, 0.10 .71 -.07 
  (% waking day) (43%) (9%) (42% ) (9%)     
100 – 1000 lux  (mins) 176  49  191 77  60.5 -0.07, 0.05 .75 -.06 
  (% waking day) (19%) (5%) (21% ) (9%)     
1000 – 3000  (mins) 52  31  50  21  67.5 -0.03, 0.03 .98 -.01 
  (% waking day) (6%) (3%) (5% ) (2%)     
Over 3000 lux  (mins) 53  32  60  33 59.5 -0.04, 0.03 .71 -.07 
  (% waking day) (6%) (4%) (6% ) (4%)     
Note.
 a 
presented as minutes (% waking day) 
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Figure 7.1. Mean light exposure levels (lux) per hour of the day experienced by carers 
and comparison older adults. 
7.4.3 Psychological health, physical health and daytime activity 
Hypothesis 3: Carers would have poorer psychological and physical health 
(factors influencing sleep disturbance) 
Older adults’ GAI scores were non-normally distributed, and the small sample 
size in the carer group made it difficult to establish normality. Therefore, Mann-
Whitney comparisons are reported in Table 7.6. The comparisons show that carers 
had significantly higher scores on the GAI than did older adults, and that carers’ 
scores on the GDS were higher than those of older adults, with a medium to large 
effect size, but not significantly so.  
Scores on the GAI and GDS were also examined in terms of recommended cut-
offs. Two carers GDS scores were greater than 5 (suggestive of depression), while no 
participants in the older adult group had scores greater than 5. No participants in 
either group reported GDS scores greater than 10 (highly suggestive of depression; 
Sheikh & Yesavage, 1986). Five out of seven (71.43%) carers had GAI scores equal 
to or greater than three, a cutoff suggested as optimal for identifying DSM-IV 
specified Generalised Anxiety Disorder (Byrne & Pachana, 2011). Two out of 7 
(10.5% of older adults reported a GAI score equal or greater than three (OR = 17.56, 
CI 1.67, 318.70).  
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Table 7.6 
Comparisons between carers and older adults on psychological health, physical 
health, and daytime activity  
 Carer  
n = 7 
M (SD) 
Older adult 
n = 19 
M (SD) 
W CI p r 
Psychological Health       
  GDS 3.73 (2.87) 1.59 (1.69) 99 -5.40, 4.92 .06 .38 
  GAI 3.14 (1.86) 0.68 (1.33) 111.5 0.99, 4.00 <.01 .55 
  ZBI 15.57 (7.32) NA NA NA NA NA 
Physical Health       
  Medical conditions 3.17
 b 
(2.77) 2.05 (1.58) 69 -1.00, 4.00 .46 .15 
  Medications 7.14 (4.45) 5.17
 a 
(2.53) 84 -2.00, 6.00 .22 .23 
  Pain 3.43 (1.72) 3.68 (1.34) 63 -1.00, 1.00 .83 .04 
  Nocturia 2.00 (1.41) 2.16 (1.61) 64 -1.00, 1.00 .90 .03 
Daily activity       
  Daytime count 271.55 (95.66) 235.94 (64.48) 78 -35.53, 
85.50 
.53 .12 
Note. Significant comparisons are shown in bold. 
a
 n = 18, 
b
 n = 6 
Carers reported higher rates of current medication use when compared to older 
adults, as well as a greater number of medical conditions; however these differences 
were not significant. Carers and older adults perceived pain and nocturia to disrupt 
their sleep to a similar extent. There were no differences in daytime activity levels 
between carers and older adults. 
Hypothesis 4: Carers would report poorer health-related quality of life 
(functional outcomes of sleep disturbance) 
Wilcoxon rank-sum comparisons of health-related quality of life are reported in 
Table 7.7. Carers reported poorer health-related quality of life than did comparison 
older adults, both overall and on all subscales except for “Senses”, and these 
differences were significant on the overall, mental health and relationships scales, 
with medium to large effect sizes on these scales, as well as the coping subscale.   
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Table 7.7 
Health-related quality of life in carers and oldera dults 
 Carer  
n = 7 
M (SD) 
Older adults 
n = 19 
M (SD) 
W CI p r 
Overall  .69 (.17) .82 (0.09)
 
30 -.27, -.01 .03 .42 
  Independent Living .74 (.20) .86 (.14) 41 -.22, .05 .14 .29 
  Mental Health .61 (.21) .83 (.10) 20 -.43, -.06 .01 .54 
  Coping .65 (.16) .77 (.14) 35 -.17, -.00 .06 .37 
  Relationships .74 (.21) .93 (.13) 26 -.39, -.00 .01 .50 
  Pain .59 (.41) .75 (.22) 56 -.60, .20 .55 .12 
  Senses .81 (.04) .79 (.09) 76 -.04, .08 .60 .11 
Note. Significant comparisons are shown in bold. 
7.5 Discussion 
The study compared sleep health and factors influencing sleep health in 
community-based dementia carers to that of independently living older adults in an 
Australian sample. In comparison to other older adults, the carers reported poorer 
sleep, and demonstrated poorer sleep on one of the actigraphic measures of sleep 
efficiency, with no significant differences in objectively measured sleep timing, 
efficiency or duration. Additionally, carers reported higher levels of anxiety and 
depression, and poorer quality health-related quality of life than did the comparison 
group of older adults. Finally, this group of carers reported a similar number of 
medical conditions, and had similar activity and light exposure levels to the 
comparison group of older adults. 
It was predicted that carers would have poorer sleep on subjectively and 
objectively reported measures of sleep health. These predictions were partially 
supported. Carers reported poorer sleep satisfaction, and therefore perceived their 
sleep quality to be poorer than that of older adults. Although their overall sleep diary 
ratings were lower than those provided by the older adult comparison group, the 
difference was not significant. Additionally, although the overall scores were not 
significantly different, a larger proportion of carers reported high levels of daytime 
sleepiness. On objectively measured sleep, carers showed significantly poorer sleep 
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on only one of four measures of actigraphically-measured sleep efficiency (although 
there were small to medium effect sizes in an additional two measures), but there 
were no differences in sleep timing or duration. The poorer subjectively measured 
sleep in the carer group reflects previous findings in the literature, in which carers 
have systematically reported poorer sleep than that of older adults. The finding that 
carers had lower sleep efficiency than did older adults reflects findings from 
McKibbin et al. (2005) and Von Kanel et al. (2010), who also found lower sleep 
efficiency in carers. Sleep efficiency captures how much of the sleep period is spent 
asleep (or estimated to be asleep, as is the case with actigraphy), and differences 
between the groups could suggest that carers experience disrupted sleep during the 
night as a result of the care role. The possibility that this might be due to direct night-
time awakenings (identified in the MISH model as an interpersonal impact) is 
explored in the following chapter. 
No predictions were made regarding differences in rest-activity variables, 
daytime activity or light exposure. Of the rest-activity variables, the groups differed 
significantly only on interdaily stability. Interdaily stability assesses the degree of 
invariability between days, and therefore how stable an individual’s activity rhythm is 
from one day to the next. The finding that carers had higher interdaily stability scores 
suggests that the carers studied had more stable day-to-day activity rhythms than did 
the older adult group. Between group comparisons of daytime activity and light 
exposure revealed no differences, suggesting that this sample of carers was similarly 
active and exposed to similar patterns of light as older adults living in the community 
who do not provide care. 
One possible explanation for the finding the carers had more stable rest activity 
rhythms is that provision of care requires carers to follow a fairly stable daily routine, 
possibly constrained by their caring roles or other circumstances, where the 
comparison group of older adults had a schedule that was free to vary according to 
their chosen day-to-day activities. Alternatively, it could be that the person that they 
care for, or the requirements of providing care were not interfering with or changing 
their daily routine dramatically (i.e., they may have provided care to an individual 
with early stage dementia, or they received help with the provision of care).  
In conjunction with the possibility that the care role may disrupt usual lifestyle 
routines, a previously documented case study (Higgins et al., 2010) suggested that 
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habitual light exposure in carers may be compromised and warrant further 
investigation. In addition, bright light exposure has been evaluated in carers alongside 
their care recipients (although no effects attributable to the light intervention 
component were found; Friedman et al., 2012). However, in this sample, carers were 
similar to the comparison group of older adults on light exposure. The similarity 
between carers and older adults on measurement of light exposure and the remaining 
two rest-activity metrics suggests that carers are likely to derive similar benefit to that 
seen in the broader older adult population from interventions targeting circadian 
function, rather than this being a need specific to community dementia care (or, more 
specifically, to this sample).  
As well as comparisons on sleep-wake behaviour, the MISH model was used to 
guide comparison between older adults and carers on other factors that could be 
relevant for sleep in these two groups. The prediction that carers would have poorer 
psychological health than comparison older adults was supported. The higher levels 
of depression and anxiety reported by carers reflect extensive findings in the 
literature. Depression and anxiety have a well-documented relationship with sleep 
complaints, and higher levels of depression and anxiety have been associated with 
poorer sleep in carers (McCurry, Logsdon, Teri, & Vitiello, 2007b; Peng & Chang, 
2013). Although carers reported poorer physical health than did comparison older 
adults, this difference was not significant, and carers reported similar levels of pain 
and nocturia to the older adult group. The fact that carers reported that pain and 
nocturia interfered with their sleep to a similar extent, engaged in similar amounts of 
daytime activity, and received similar amounts of light exposure shows that carers are 
similar to older adults on a number of intrinsic factors that may impact on sleep and 
are affected by age.  
7.5.1 Limitations 
The conclusions of this study, and the ability to examine relationships between 
the variables, are limited by the small sample size. Despite a range of strategies used 
to recruit participants, only a small number of participants could be enrolled into the 
study. It is possible that the included sample is biased towards those who are coping 
better with their care role. Participating in research represents an additional burden for 
carers, and those who are struggling with the care role may not be as likely to 
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volunteer for research. It is likely that the present study was unable to detect 
differences between the groups on some variables as a result of low statistical power.  
The current study cannot rule out the presence of concomitant, undiagnosed 
sleep disorders (particularly OSA) as an underlying cause of the excessive daytime 
sleepiness in the carer group. Although diagnosis of OSA was an exclusion criterion, 
it is very prevalent in older adult populations, and often goes undiagnosed. OSA 
requires assessment using overnight clinical PSG assessment, and as such was not 
screened for in the current study. The same risk of undiagnosed OSA (or other sleep 
conditions) applies to the comparison group. However, there is no reason to suspect 
that carers were at greater risk of OSA than the comparison group of older adults, 
who were subject to the same inclusion/exclusion criteria, aside from their dementia 
or dementia care status.  
This study compared older adults and carers on a number of sleep-wake 
outcomes and potential influencing factors. However, it did not directly test the MISH 
model in a carer sample. Therefore, relationships between factors proposed in the 
MISH model were not assessed for a carer sample. Although the model provided a 
useful structure for comparing the sleep of carers to that of older adults, the relevance 
of particular factors for sleep in a dementia carer sample was not directly assessed in 
this study. 
7.5.2 Strengths 
This study did not select participants specifically for the presence of sleep 
difficulties, increasing the likely inclusion of carers with variable levels of sleep 
health dimensions. This is in contrast to a number of previous studies assessing 
objectively measured sleep quality in carers, as outlined in Table 7.1. Although the 
recruitment materials highlighted that sleep was a key focus of the study, it was made 
clear in recruitment materials that sleep was not a required concern for participation, 
and informal discussion with carers did not suggest that sleep was a particular concern 
for many of the participants. Despite the fact that light interventions have been trialled 
in carers, there remain limited reports of light and circadian function in dementia 
carers. This study goes some way towards addressing that gap, and in doing so, 
reports on a number of novel measures that have not previously been assessed in 
community-based dementia care. Finally, the use of a conceptual framework to guide 
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comparisons between the groups provides a theoretical basis and rationale to the 
comparisons presented, which is rarely the case in research examining sleep in carers 
(Peng & Chang, 2013). 
7.5.3 Conclusion 
This study builds on previous research by comparing objectively measured 
sleep-wake behaviour between dementia carers and older adults. Some consistencies 
with previous research were found, such as the fact that carers reported poorer sleep 
quality, and experienced poorer sleep efficiency. In addition, this study examined 
differences in light exposure. Results suggest that circadian function and light 
exposure are similar to that of comparison older adults. Although relationships 
between influencing factors and sleep-wake outcomes were not directly tested in a 
carer group in this study, the MISH model provided a useful structure for guiding 
comparisons on other factors that may influence sleep, including psychological and 
physical health, as well as daytime activity levels.  
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Chapter 8: Study 4b – Interpersonal influences on sleep in community 
dementia care 
Previous chapters have examined sleep-wake behaviour and light exposure in 
older adults and compared the sleep-wake behaviour and influencing factors in carers 
to that of other older adults. The following chapter focuses on interpersonal impacts 
upon sleep. Although interpersonal factors are relevant in the broader older adult 
population, they are particularly relevant in the context of community-based dementia 
care, where possible dysfunction in the sleep-wake behaviour of one person can have 
direct consequences for their carer. This chapter consists of two parts related to the 
interpersonal factors in community dementia care. For community dementia carers, 
the primary interpersonal influence on their sleep is their partner with dementia. As 
such, the first portion of this chapter examines the sleep, rest-activity patterns, and 
light exposure in a focussed sample of people with dementia who live in the 
community. In the second part of the chapter, the concordance of awakenings in this 
sample of people with dementia and their carers is examined and compared to that of 
older adult couples without dementia.  
Chapters 1-3 established that dementia is associated with deterioration of sleep-
wake regulation, and that this deterioration can be primarily attributed to deterioration 
in circadian function. Circadian dysfunction in people with dementia is evident 
through flattening and increased disorganisation of rest-activity rhythms (such that 
there is less clear delineation of day and night), which deteriorate in line with the 
severity of dementia (Gehrman et al., 2005). Decline in circadian function may be 
exacerbated by limited exposure to environmental light stimulus. Low light exposure 
levels have been reported in residential aged care settings (Shochat et al., 2000); 
however, only two studies were identified that assessed whether people with dementia 
living in the community have light exposure profiles that differ from those of healthy 
older adults in the community. Campbell et al. (1988) found that 13 individuals with 
dementia were exposed to significantly less bright light than were 10 healthy controls, 
while Figueiro et al. (2012) found that 21 older adults with dementia had lower levels 
of light exposure, and showed less circadian entrainment, than did a comparison 
group of older adults also living in the community. As a result, this study reports on 
the sleep-wake behaviour and light exposure of a focussed sample of people with 
dementia living with their carers in the community.  
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Changes in the sleep-wake behaviour of people with dementia also have 
implications for their carers. Despite the fact that a large proportion of the population 
share a bed or living quarters with others, interpersonal influences on sleep have 
received very little attention in any population (Troxel, 2010). Scenarios in which one 
member of a household has disrupted sleep are particularly relevant when considering 
the impact of a partner, as one individual’s sleep disruption may have consequences 
for the sleep of their partner. Home-based dementia care is one setting where 
disrupted sleep in one person may significantly impact that of their partner. The 
MISH model presented in Chapter 2 acknowledges the potential for interpersonal 
factors to influence sleep.  
If providing care does negatively impact some aspects of carers’ sleep-wake 
behaviour, subjective or otherwise, there are two potential mechanisms for this 
impact. The first mechanism of impact is the possibility of direct night-time 
disruption from their partner, where night-time activity in the person with dementia 
directly wakes their carer during their usual sleep period. However, sleep disruption 
in carers is unlikely to be completely determined by the sleep of the person with 
dementia, and is likely also a result of factors intrinsic to the carer (McCurry et al., 
2006). The second potential mechanism is the indirect impact that providing care 
could have on psychological, behavioural, environmental and physiological factors 
that also influence sleep The presence of a partner with dementia could have a 
sizeable impact upon other, indirect, psychological, physiological, behavioural, and 
environmental influencing factors. For example, there is a robustly demonstrated 
relationship between providing care and higher levels of psychological burden and 
depression (Schoenmakers et al., 2010). Study 4a (reported in Chapter 7) considered 
this mechanism indirectly, by comparing carers to a group of non-carer older adults 
on a selection of these influencing factors.  
Although carers often attribute their sleep difficulties to the night-time 
behaviour of their partner, some findings suggest that carers overestimate the extent to 
which their care recipient’s sleep is disrupted (McCurry et al., 2006). A limited 
number of studies have simultaneously examined the sleep of both the person with 
dementia and their carer. McCurry, Pike, Vitiello, Logsdon and Teri (2008) 
investigated factors associated with the concordance between the overall sleep 
efficiency of partners in dementia care dyads, and found that 25-41% did not have 
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“concordant” sleep (i.e., a situation where one dyad member slept well, and one slept 
poorly).  
Rowe, Kairalla and McCrae (2010) proposed that night-time worry about care 
recipients’ night-time behaviour was an important perpetuating mechanism for sleep 
problems in carers. This worry included carers’ concern about being present to help 
their care recipient should they be needed at night. To address this concern, Rowe et 
al. (2010) trialled a night-time monitoring system designed to alert the carer when 
their partner left their bed, and examined the effect of this intervention on worry and 
sleep quality. Although carers in the study qualitatively reported that the monitoring 
system reduced their worry over the 12-month implementation (Spring et al., 2009), 
there was no improvement in objectively-measured sleep (Rowe et al., 2010). The 
authors speculate that this may have been due to increased awakenings as a result of 
the alert system. In this case, it is possible that the indirect effect upon psychological 
factors was improved, but that the direct impact of night-time awakenings in the 
person with dementia increased. The mechanisms through which care provision 
affects sleep likely involve a combination of direct and indirect effects.  
One method of examining the direct effect of the person with dementia is to 
establish whether night-time awakenings in carers and people with dementia are more 
or less concordant than are the awakenings in older adult couples where neither 
partner have dementia. Where previous research has investigated concordance of 
overall nights of sleep, the present study looks at concordance within the sleep period. 
The first portion of this chapter examines sleep-wake behaviour and light exposure in 
the person with dementia, while the second portion of this chapter considers the direct 
effect of the person with dementia upon the sleep of their carer. The current study 
reports on the sleep-wake behaviour and habitual daily light exposure of a sample of 
people with dementia living in the community, uses a novel metric to quantify the 
concordance of night-time awakenings in dementia care dyads, and compares this to 
the concordance seen in older adult dyads without a care relationship. Specifically, 
this study aimed to: 
1. Describe sleep-wake behaviour in a sample of people with dementia living 
in the community. 
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2. Describe habitual daily light exposure in a sample of people with dementia 
living in the community, and compare this to exposure experienced in their 
carers, as well as older adults without dementia. 
3. Examine night-time disruption of sleep in carers, using both subjective and 
objective measures, and compare this to a sample of older adults. 
8.1.1 Study hypotheses 
1. People with dementia will show poorer sleep health and less robust rest-
activity rhythms than both their carers and older adults without dementia.  
2. People with dementia will show lower levels of daytime light exposure than 
both their carers and older adults without dementia.  
3. Night-time awakenings in care dyads will be more concordant than night-
time awakenings in comparison non-carer dyads. 
8.2 Method 
8.2.1 Participants 
Two separate groups of participants are included in this study: community 
dementia care dyads, and older adult dyads where neither partner has dementia.  
Dementia care dyads. Participants were seven dyads of people with dementia 
and their carers participated in the study (14 individuals), with valid data for all seven 
carers, and five people with dementia. Data is not included for two individuals with 
dementia, one due to refusal to wear the device, and one due to device recording 
failure. As a result, a total of five people with dementia were analysed in the first part 
of this study, with their five associated care partners (a subset of those carers reported 
in Chapter 7) included for analysis in the second part of the chapter. 
Carers’ average rating of the number of memory and behavioural problems in 
their dyad partner the RMBPC was 10.43 (SD = 6.32; scored as yes/no frequency out 
of a total of 24 queried behaviours), with carers reporting, on average, the presence of 
5.43 problems associated with memory behaviours (SD = 2.51; out of a total of 7 
queried behaviours), 3.14 problems associated with depression behaviours (SD = 
3.13; out of a total of 9 queried behaviours), and 1.86 for disruption (SD = 1.68; out 
of a total of 8 queried behaviours). People with dementia were  
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Older adult dyads. Part Two of this study also draws upon a comparison group 
of 19 older adult dyads, neither of which had dementia. One member of each of these 
dyads was included as participants in Study 3 (reported in Chapter 6). For five of 
these dyads, valid actigraphy data was unavailable for one partner, either due to 
participant non-compliance or device recording failure. Only dyads for which valid 
data was available for both partners were included in the study, leaving a final number 
of 14 dyads included for analysis in this study.  
8.2.2 Measures and Procedure 
Measures and procedure used for data collection were identical to the studies 
described in Chapters 5 and 6.  
8.3 Analysis 
8.3.1 Sleep-wake behaviour and light exposure in partners with dementia 
The first part of the results section reports metrics summarising sleep health, 
rest-activity rhythms and light exposure for the partners with dementia. These metrics 
were calculated as per descriptions provided in Chapters 5 to 7.  
8.3.2 Partner Impact on Sleep Wake Analysis 
The Partner Impact on Sleep Wake Analysis (PISWA), as described by 
(Meadows, Venn, Hislop, Stanley, & Arber, 2005), was used as a method for 
evaluating the concordance of night-time awakenings between partners in a dyad 
during the sleep period. This technique examines epoch-to-epoch (minute-by-minute) 
sleep in the dyad, and is used to describe the percentage of transitions from sleep to 
wake in one person that are directly preceded by wake in their partner. As per 
analyses reported in previous chapters, epochs within rest intervals (set via the sleep 
diary) were scored as sleep or wake using the medium sensitivity algorithm in 
Actiware software (Version 5.71). Following export of raw data as comma-separated 
values (.csv) files, the minute-by-minute data files for each participant were trimmed 
to the period during which both dyad members were experiencing their main nightly 
sleep period. All subsequent partner impact analysis is reported only for this shared 
sleep period, defined as the nightly period during which both dyad members were 
experiencing their main nightly sleep episode. 
  


















Figure 8.1. Visual representation of PISWA analysis. Activity levels for each 
individual epoch (measured at one minute intervals), are shown as vertical bars, and 
the scoring of each epoch as either sleep (S) or wake (W) is shown below. In the 
above example, a transition from a sleep (S) to a wake (W) epoch in Partner 2 is 
preceded by a wake epoch in Partner 1, implying disruption to sleep in Person 2 by 
activity in Person 1.  
  
1
S W W W W W W S
2 
Transition 
S S S S W W W W
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Figure 8.1 provides a visual representation of the method used to establish 
concordance of awakenings in dyads. The figure shows activity levels of each dyad 
member, as well as the scoring of the individual epochs (minutes) as either sleep or 
wake (as determined by the Actiware 6.01 automatically applied scoring algorithm). 
In Figure 8.1, when the second individual transitions from a sleep to a wake epoch, 
the status of the first individual (their partner) is examined in the minute prior to the 
transition. Within each shared sleep period, all such transitions from sleep to wake 
epochs were identified. A transition was defined in each instance where an individual 
moved from an epoch (minute) scored as sleep to an epoch scored as wake, based on 
their actigraphically-measured activity level. The number of transitions provided an 
estimate of how many times an individual had woken up during the night. After 
identifying the number of sleep-to-wake transitions experienced per night, the sleep-
wake state of the partner in the epoch (minute) immediately prior to each transition 
was recorded, to determine whether the partner may have caused the disruption. The 
analysis follows the procedure described by Meadows et al. (2005) and was 
completed using a customized script written in R (Version 3.01). For the dementia 
care dyads, transitions in carers were examined as the “reference” group. In order to 
obtain a comparison group for the dementia dyads, for the PISWA analysis, the 
“partner” and “reference” groups were randomly assigned.  
8.4 Results  
The first part of the results section describes the sleep-wake behaviour and 
habitual daily light exposure in a sample of people with dementia living in the 
community, and compares these to exposure experienced in carers, as well as older 
adults without dementia.  
8.4.1 Sleep-wake behaviour in participants with dementia 
Hypothesis 1: People with dementia will show poorer sleep health and less 
robust rest-activity rhythms than both their carers and older adults without 
dementia.  
Sleep health and rest-activity measures for people with dementia, their carers, 
and a subsample of the older adults described in Chapter 6 are presented in Table 8.1, 
along with results from comparisons between people with dementia and their carers  
and the older adult sample. The only significant differences between people with 
dementia and the older adult group were found on sleep onset latency (SOL), and 
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relative amplitude (RA) of the rest-activity rhythm. The group with dementia took 
significantly longer to fall asleep (as estimated by actigraphy), and had a significantly 
lower amplitude of activity rhythm. No significant differences were found between 
people with dementia and their carers. Although not significantly different, possibly 
due to the low power provided by the small sample size, a number of comparisons 
showed medium to large effect sizes, which are bolded in the table. Also of note is the 
fact that on average, carers went to sleep 37.15 minutes after their partner, and woke 
up 41.27 minutes before their partners, spending less time in bed overall. 
Figure 8.2 presents the 24-hour light profile of individuals with dementia 
compared to the subset of older adults presented in Chapter 6, presented on a 
logarithmic scale. It shows that the sample with dementia had a flatter light exposure 
profile overall. This is reflected in Table 8.2, which shows the time in minutes, and 
percentage of their waking day (classified as wake time to bed time) spent in each of 
five levels of light exposure. Comparisons show that the people with dementia had a 
significantly lower mean overall light exposure in comparison to older adults. 
Additionally, although there were not significant differences in the time spent in the 
dimmer categories (i.e., up to 100 lux), people with dementia spent significantly less 
time than did the comparison group in brighter light levels (i.e., 100-1000 lux, 1000 – 
3000 lux, and over 3000 lux). People with dementia spent only 29 minutes, on 
average, in light over 1000 lux per day, while the older adult comparison group spent 
111 minutes in light over 1000 lux. Both groups spent most time in light levels from 
10-100 lux, and the group with dementia spent just over half their waking day in light 
levels from 10-100 lux.  
Figure 8.3 shows the average light exposure profile for carers and their partners 
with dementia. Although the comparisons shown in Table 8.2 between carers and 
their partners with dementia were not statistically significant, medium effect sizes 
(i.e., r = .30-.43) were found for comparisons on time spent in the three highest lux 
exposure categories, and these comparisons were limited in power by a smaller 
sample size (n = 10) than comparisons involving the older adult group (n = 19). 
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Table 8.1 
Means and standard deviations of sleep and rest-activity measures for participants with dementia (PWD)  
 1. 2. 3.   1. vs 2.
c
   1. vs 3.
d
 
Sleep dimension PWD (n = 5) 
M(SD) 
Carer (n = 5) 
M(SD) 
OA, (n = 14) 
M (SD) 
 W 95% CI p r  W 95% CI p r 
Timing              
  Sleep onset time
 a
 21:21 (101) 22:00 (102) 22:08 (47)  0 -83, 2 .063 .59  22 -162, 31 .247 .27 
  Midpoint 
a
 02:14 (60) 02:13 (72) 02:12 (42)  8 -31, 39 1.00 .00  37 -59, 63 .926 .02 
  Wake time
 a
 07:06 (57) 06:25 (56) 06:14 (46)  12 -24, 108 .313 .32  54 -20, 116 .087 .39 
Efficiency              
  Efficiency (%) 80.49 (9.22) 86.38 (2.38) 86.10 (6.34)  3 -15.64, 3.70 .313 .32  20 -15.03, 3.89 .186 .30 
  WASO
 b
 83.56 (47.36) 45.47 (12.08) 51.82 (30.04)  13 -16.93, 119.36 .188 .42  51 -6.00, 81.71 .156 .33 
  SOL
 b
 20.70 (16.06) 15.10 (5.88) 7.59 (6.20)  10 -14.86, 25.71 .625 .15  57 0.07, 26.21 .044 .46 
  NONA 22.43 (5.76) 18.24 (7.56) 23.40 (7.76)  13 -2.64, 10.79 .188 .42  38 -9.57, 7.21 .823 .05 
Duration              
  TST
 b
 501.66 (124.76) 459.23 (75.50) 434.28 (63.01)  11 -59.71, 137.71 .438 .25  47 -31.64, 169.93 .298 .24 
Rest-activity              
  IS 0.41 (0.22) 0.65 (0.09) 0.58 (0.08)  1 -.62, 0.06 .125 .49  18 -.39, 0.04 .173 .31 
  IV 1.42 (0.65) 0.91 (0.24) 0.87 (0.23)  11 -.26, 1.55 .438 .25  50 -.03, 1.30 .095 .38 
  RA 0.79 (0.18) 0.93 (0.05) 0.94 (0.04)  3 -.44, 0.10 .313 .32  10 -.30, -.009 .019 .54 
Note. 
a
 reported in hh:mm (mins); 
b 
minutes; p values significant at p <.05 are bolded; Pearson’s r values .30 or greater are bolded. c Comparisons 
conducted using Wilcoxon Signed Rank; 
d
 Comparisons conducted using Wilcoxon Rank Sum 
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Light exposure  
Hypothesis 2: People with dementia will show lower levels of daytime light 
exposure than both their carers and older adults without dementia.  
 
Figure 8.2. Mean light exposure for older adults and individuals with dementia per 
hour of the day. Note that lux values are presented on a logarithmic scale. 
 
Figure 8.3. Mean light exposure for carers and individuals with dementia per hour of 
the day. Note that lux values are presented on a logarithmic scale. 
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Table 8.2 
Light exposure in people with dementia, in comparison to carers and older adults  
 1.  2.  3.           
 PWD 
n = 5 
 Carers 
n = 5 
 Older Adults 
n = 14 
 1 vs 2
a 
 1 vs 3
b 
 M SD  M SD  M SD  W 95% CI p r  W 95% CI p r 
Mean exposure (lux) 267 245  462 234  947 417  3 -772, 205 .313 .23  5 -1010, -320 .003 .68 
1-10lux
 
(mins) 261 82  238 77  235 95  11 -74, 104 .438 .18  41 -91, 116 .622 .114 
  (% waking day) (32%) (10%)  (26%) (8%)  (25%) (9%)           
10-100 lux
 
(mins) 428 90  425 75  384 96  8 -47, 50 1.00 .00  45 -62, 144 .391 .20 
  (% waking day) (53%) (11%)  (47%) (6%)  (41%) (10%)           
100-1000 lux
 
(mins) 94 58  166 56  198 85  0 -102, -51 .06 .43  9 -177, -24 .014 .56 
  (% waking day) (11%) (7%)  (18%) (6%)  (21%) (10%)           
1000 – 3000 lux (mins) 15  8  38 19  50 21  2 -60, 7 .188 .30  1 -.52, -17 < .001 .82 
  (% waking day) (2%) (1%)  (4%) (3%)  (5%) (2%)           
Over 3000 lux
 
(mins) 14  12   38 23  63 34  1 -73, 0.81 .125 .30  1 -70., -21 <.001 .82 
  (% waking day) (2%) (1%)  (4%) (3%)  (7%) (4%)           
Note. 
a
 Comparisons conducted using Wilcoxon Signed Rank; 
b
 Comparisons conducted using Wilcoxon Rank Sum; Bolded p values are significant at p <.05; 
r values .30 or larger are bolded. 
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8.4.2 Partner Impact on Sleep-Wake Analysis 
Hypothesis 3: Night-time awakenings in care dyads will be more concordant 
than night-time awakenings in comparison non-carer dyads. 
The second part of the results uses data from both dyad members in care dyads 
(n = 5 dyads, consisting of five carers and five partners with dementia) and non-carer 
dyads (n = 14 dyads). For care dyads, the mean shared sleep period was 494 minutes 
(SD = 81 minutes), while in older adult couples it was 429 minutes (SD = 71 
minutes). Within the shared sleep period, carers spent 8.87% of the time awake (SD = 
2.63%), while those with dementia spent 15.17% (SD = 10.31%) of the shared sleep 
period awake. Non-carer older adults spent 10.67% of the shared sleep period awake 
(SD = 6.11%), while their partners spent 12.00% of the shared sleep period awake 
(SD = 6.27%). 
On average, the sample with dementia made 19.24 transitions from sleep to 
wake per shared sleep period (SD = 2.54; range = 11.14 – 19.24), and carers made 
17.46 transitions from sleep to wake per night (SD = 7.71; range: 8.21 – 27.43). In the 
older adult comparison couples, the reference group made 19.96 transitions from 
sleep to wake (SD = 5.30; range: 11.86 – 30.00), while the partners of that reference 
group made 19.24 transitions from sleep to wake per shared sleep period (SD = 5.30; 
range: 11.86 – 30.00).  
Table 8.3 shows that in carers, transitions were preceded by wake in their dyad 
partner 18.66% of the time (SD = 8.27%, range: 7.38% – 29.59%). In older adults, 
transitions were preceded by wake in their dyad partner 13.41% of the time (SD = 
6.20%, range: 4.75 – 25.25%). This suggests that wake in the partner with dementia 
preceded an awakening in the carer on average 3.25 times per night, while older 
adults transitions were preceded by partner wake on average 2.67 times per night. 
Although partner wake preceded transitions to a greater extent in care dyads, the 
difference between these groups was not significant when compared using a 
Wilcoxon rank sum test (W = 49, p = .219, r = -.28).  
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Table 8.3 
Percentage and number of transitions from sleep to wake per shared sleep period 








% transitions preceded 
by partner wake  
18.66 % (8.27%) 13.41 % (6.20%) 49  .219 .28 
# times per night 3.25 2.67     
 
8.4.3 Subjective sleep 
Carers rated the frequency of seven disruptive sleep behaviours in their care 
recipient over the last two weeks, using the SDI. The overall frequency of behaviours 
was 1.46 (SD = 1.03). Table 8.4 shows the mean and standard deviation of carers’ 
frequency ratings for each item on the SDI, where a rating of zero indicated that the 
behaviour was not present in the last two weeks, and a rating of four indicated that the 
behaviour was present every night. The behaviour that carers rated their partner 
engaging in most frequently was “Awakening you during the night” (Item 4). Along 
with this item, three other behaviours were reported as occurring, on average, between 
a rating of “2”, corresponding to 1-2 times per week, and “3”, corresponding to 
several times per week. These were Item 2 (“Getting up during the night”), Item 7 
(“Sleeping excessively during the day”), and Item 8 (“Other behaviours that bother 
you”).  
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Table 8.4 
Mean and standard deviation of carer ratings of frequency of disruptive sleep 
behaviours (rated using the SDI) in their partner (N = 5). 
Item Symptom M SD 
1. Difficulty falling asleep 1.00 1.00 
2. Getting up during the night 2.40 1.82 
3. Wandering, pacing or getting involved in inappropriate 
activities at night 
1.00 1.73 
4. Awakening you during the night 2.60 1.67 
5. Awakening at night, dressing, and planning to go out, 
thinking that it is morning and time to start the day. 
0.40 0.89 
6. Awakening too early in the morning (earlier than is 
his/her habit) 
0.60 1.34 
7. Sleeping excessively during the day 2.20 1.79 
8. Other night-time behaviours that bother you 2.40 2.19 
 
8.5 Discussion 
In this chapter, the sleep wake behaviour and habitual daily light exposure in a 
sample of people with dementia was reported and compared to an older adult sample 
without dementia. Further, the concordance of night-time awakenings in dementia 
care dyads was compared to that of older adult couples. The first hypothesis predicted 
that people with dementia would show poorer sleep health and less robust rest-activity 
rhythms than both their carers and older adults without dementia. Significant 
differences were found between people with dementia and older adults on measures 
of sleep onset latency and relative amplitude. 
The second hypothesis predicted that people with dementia would show lower 
levels of bright light exposure than their carers and community-dwelling older adults 
without dementia. This hypothesis was supported for comparisons with the non-carer 
older adults. People with dementia spent significantly less time in light levels from 
100-1000 lux, 1000-3000 lux, and over 3000 lux than did comparison older adults, in 
addition to having an overall lower mean daily exposure to light. People with 
dementia also experienced lower levels of light exposure than their carers, although 
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despite moderate effect sizes in the higher lux categories, these differences were not 
statistically significant, likely due to the small comparison group size. 
The second hypothesis predicted that night-time arousals in dementia care dyads 
would be more concordant than in older adult partners without dementia. Although 
the effect was in the predicted direction, this hypothesis was not supported. During 
the shared sleep period, although partners with dementia ‘disrupted’ their carer more 
than a comparison group of older adults without dementia, the difference between the 
groups was not significant. However, there was a small to medium effect in the 
expected direction, such that carers’ transitions were preceded by wake in their care 
recipient more frequently than older adults’ transitions were preceded by wake in 
their partners. It is difficult to draw any broader conclusions based on these results 
given the very small sample size. It is possible that the direct impact of the partner is 
significantly larger in dementia care dyads, but that this study had insufficient power 
to detect a significant difference between the groups (as suggested by the effect size). 
It is also possible that, although there is a direct impact on the carers’ sleep from the 
person with dementia, this direct impact is no more than would occur with a partner 
without dementia. The findings of that dyad partners with dementia did not disrupt 
their carer to a greater extent than did a comparison group of dyad partners without 
dementia is less surprising considering that carers were not found to be different to 
other older adults on the majority of actigraphically-measured sleep-wake 
characteristics (as described in Chapter 8).  
The fact that “Awakening you during the night” was the most frequently rated 
night-time behaviour that carers reported in their care recipients suggests that carers 
certainly perceived that their sleep was being disrupted by their partner. 
Unfortunately, the dementia-specific nature of the instrument used to assess this 
information means that these ratings were not compared to older adult couples. The 
analysis technique used in this chapter allows an examination of whether arousals 
during the sleep periods of partners coincide, and to establish whether wake in one 
person preceded wake in their partner. The examination of whether night-time wake 
periods coincide provides some information about the direct impact of people with 
dementia upon their carers’ sleep.  
 Chapter 8: Study 4b – Interpersonal influences on sleep in community dementia care 145 
8.5.1 Limitations 
Broad conclusions cannot be drawn from the current study given the limited 
sample size, and results should be viewed as exploratory only. Research in 
community dementia care is often limited by small sample sizes and measurement 
difficulties (e.g., Ancoli-Israel et al., 2003 reported that 9% of participants refused to 
wear an actigraphic device in a nursing home environment – and one participant in 
the currently recruited sample was unwilling to wear the device). Although the 
PISWA analysis is likely to identify periods where carers get up to attend to their care 
recipient during the night, it may not capture disruption to sleep that resulted in “quiet 
wake” in the carer, where they remained in bed still but not asleep. This inability to 
distinguish quiet wakefulness from sleep is a limitation of actigraphy as a 
measurement methodology. On the other hand, the transitions to epochs scored as 
“wake” that were examined in this analysis may be better described as arousals or 
disruption, rather than full awakenings. It is possible that some are disruptive, while 
others are a normal part of the night’s sleep. The PISWA analysis conducted does not 
differentiate between the two, and therefore the meaningfulness of these arousals, and 
the partners’ state in the minute prior, is uncertain. 
Additionally, participants were eligible to participate if they lived in the same 
house, but did not necessarily share the same bedroom. This was done to best reflect 
actual behaviour in the home. Creese et al. (2008) reported no differences in carer 
sleep dependent on sleeping arrangements. Additionally, in a study of dyads of 
community dementia care conducted by McCurry et al. (2008), sharing a bedroom did 
not predict whether dyads’ sleep was concordant (i.e., both dyad members were good 
sleepers) or discordant (one good and one bad sleeper). However, it is possible that 
sleeping arrangements could influence concordance. There were insufficient non-
sharing couples in the current study to examine the effect of sleeping arrangements on 
concordance or sleep quality.  
In order to obtain a comparison group for the dementia dyads, for the PISWA 
analysis, the “partner” and “reference” groups were randomly assigned in the older 
adult couples. The results of the PISWA for this group may change with a different 
random split of the couples, as the members are not easily distinguishable. As a result, 
comparisons between the “rate” of awakenings preceded by the partner between 
dementia care dyads and older adult dyads should be interpreted with caution (Kenny, 
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Kashy & Cook, 2006). This limitation does not apply to the dementia dyads, which 
are distinguishable. Previous examination of the analysis technique (Allan et al., 
2013) suggests that the PISWA analysis is influenced by the actigraphy sleep-wake 
scoring algorithm sensitivity and by the level of sleep fragmentation. In this study, a 
‘medium-sensitivity’ setting was used during sleep periods to balance sensitivity to 
sleep epochs with sensitivity to wake epochs, based on previous research and 
recommendations in older adults (Rowe et al., 2008). However, it is not known 
whether this sensitivity to awakenings best reflects those that have the most impact, as 
discussed earlier. 
8.5.2 Strengths 
Although it includes a small sample, this chapter reports unique data, and is the 
only study to have applied such analysis of night-time sleep concordance in 
community-dwelling dementia care dyads or older adults. Previous studies 
investigating concordance (McCurry et al., 2008) looked at whether overall sleep 
efficiency was above or below a set threshold, and described dyad concordance with 
less resolution. This study looks at disruption to sleep within the sleep period, 
capturing awakenings during the night. Additionally, it is one of very few studies 
(along with Campbell et al. 1988; Figueiro et al., 2012) to report the ambient light 
exposure of individuals with dementia living in the community. Despite the modest 
sample size, this data still provides important steps towards establishing the need for 
home-based interventions targeting light in the community. 
8.5.3 Conclusions 
Overall, this study suggests that the light environment of people with dementia 
living at home in the community may be suboptimal, and that further attempts to both 
measure and investigate improvements to the light environment of individuals with 
dementia at home would be worthwhile. Additionally, it suggests that even in older 
adult couples where there is no formal care relationship, there is some concordance in 
night-time awakenings. The PISWA metric could be a useful way to examine the 
efficacy of interventions to improve sleep in dementia care dyads, and examining the 
concordance of night-time awakenings could be included as an outcome metric in 
such studies. Overall, interpersonal influences on sleep, whether perceived or directly 
disruptive, are worthwhile including in the MISH conceptual model. 
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Chapter 9: Study 4c – Sleep-wake behaviour and influencing factors in 
community dementia care dyads: A multiple case analysis 
Previous chapters compared care dyads to non-carer older adults on a range of 
factors. This chapter examines sleep-wake behaviour within care dyads. While multi-
level modelling approaches allow for the separation of within and between-dyad 
effects, these approaches typically require large samples to provide statistical power 
at each level of the model (Maas & Hox, 2005), and there was insufficient sample 
size to use this approach in the current program of research. This, coupled with the 
detailed data collected from participants, provided an opportunity for analysis via 
quantitative case studies, reported in the current chapter. Case studies complement 
the other studies reported in this thesis by examining complex relationships that are 
difficult to capture in other research designs, and help to explore multi-faceted 
problems in a real-life context (Crowe et al., 2011). This chapter uses multiple case 
studies (collective case studies), to examine the sleep-wake behaviour and related 
factors within community dementia care dyads. The MISH conceptual model 
presented in Chapter 2 is used to guide description in each dyad, and provides a 
theoretical framework via which each case is examined.  
9.1.1 Aims 
This chapter aimed to describe in depth the sleep-wake behaviour and related 
influencing factors within three community dementia care dyads.  
9.2 Method 
A multiple case design was used to examine the data. The procedure and 
measures used for the study are described in previous chapters. Although multiple 
methods of data collection were used (i.e., survey, actigraphy), all data is quantitative 
in nature. Each case description is guided by the groups of factors identified in the 
MISH model presented in Figure 2.3.  
9.2.1 Participants 
Participants were a subset of the dementia care dyads described in Chapter 8, 
with the case unit of analysis defined at the dyad level. As the aim of the case study 
was to examine the sleep experience and associated factors, cases were chosen for 
their diversity in objectively measured sleep quality (specifically, sleep efficiency). 
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Of the five dyads with complete objective data from the study, three dyads were 
chosen for individual examination. These dyads included the carers with the highest 
and lowest sleep efficiency, as well as the partners with dementia with the highest 
and lowest sleep efficiency. Pseudonyms were used to preserve anonymity of the 
included couples. 
Dyad 1 (Laurel and William). Laurel provided care for her husband William, 
who had received a diagnosis of Alzheimer’s Disease from their doctor, 6 years ago. 
Laurel was 73 years old, and had been providing care for her husband for six years, 
she was retired but volunteered part time. Dyad 1 was the only participating couple 
who reported sleeping in separate bedrooms.  
Dyad 2 (Mary and Ted). Mary’s age was 72, and she was retired. Mary 
provided care for her husband, Ted, who had been diagnosed with vascular dementia 
via a specialist hospital three years ago, and had been caring for her husband since 
that time. Unlike Laurel and William, Mary and Ted slept in the same bed.  
Dyad 3 (John and Lyn). John provided care for his wife, Lyn who had a 
diagnosis of dementia. John was aged 80, was retired, and reported that he had been 
caring for his wife for many years. John and Lyn also slept in the same bed.  
9.3 Results 
9.3.1 Laurel and William - Dyad 1  
Sleep-wake behaviour. Laurel reported her overall sleep quality to be “very 
good” (4 on a 1-5 scale where 1 = poor and 5 = excellent), and rated William’s 
overall sleep quality as “fair” (2 on the same scale). Laurel’s score of 12 on the 
Epworth Sleepiness scale suggested that she was sleepy during the day. Table 9.1 
describes the actigraphically-measured sleep of both dyad members, and shows that 
the carer, Laurel, went to sleep a little over an hour later than did William, and 
awoke earlier, resulting in a much shorter period of time spent in bed. Within their 
shared sleep period, Laurel had much higher sleep efficiency than did William. 
William had the poorest sleep efficiency of all the people with dementia in the study. 
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Table 9.1 





Timing    
Sleep onset 10:47pm 9:34pm 
Wake time 5:38am 7:10am 
Midpoint 2:13am 2:22am 
Efficiency/consolidation   
% Immobile 89.37% 60.37% 
Sleep Efficiency 85.51% 69.87% 
WASO 33 mins 152 mins 
Fragmentation Index 23.39 73.56 
NONA 15.14 25.93 
Duration   
Sleep duration (mins) 410 mins 422 mins 
Rest/activity rhythm   
IS 0.77 0.16 
IV 0.65 2.20 
RA 0.97 0.53 
Note. Sleep duration calculated as time in bed minus WASO and SOL. 
William’s rest-activity rhythm was the least robust of all participants the study. 
His low IS scores indicated significant variability between days (i.e., his rest-activity 
rhythm was not very stable from one day to the next), and the very high IV score 
suggested a very high level of fragmentation of the rest-activity rhythm as a whole, 
with frequent changes in activity levels on an hour-to-hour basis.  
Laurel and William’s sleep efficiency, number of night-time awakenings, and 
sleep duration were examined on a night-to night basis, and these are shown in 
Figure 9.1, Figure 9.2 and Figure 9.3. The correlation (Pearson’s r) between Laurel 
and William was calculated for each of these metrics over the 14 nights of 
measurement. Laurel and William’s nightly number of arousals (r = .52, p = .057, 
95% CI [-.02, 0.82]), sleep efficiency (r = .56, p = 0.036, 95% CI [0.05, 0.84]), and 
sleep duration (r = .54, p =.045, CI[0.03, 0.83]), were all similarly moderately 
 150 Chapter 9: Study 4c – Sleep-wake behaviour and influencing factors in community dementia care dyads: A multiple case analysis 
correlated (with sleep efficiency and duration statistically significantly correlated), 
despite sleeping in separate rooms. 
Figure 9.1. Sleep Efficiency, calculated as the percentage of time in bed 
actigraphically estimated as asleep across the fourteen nights of measurement for 
Laurel (Carer) and William, her Partner With Dementia (PWD).  
Figure 9.2. Number of night-time awakenings (NONA) per night of measurement for 
Laurel (Carer) and William, her Partner with Dementia (PWD). 
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Figure 9.3. Sleep duration (shown in minutes) per night of measurement for Laurel 
(Carer) and William, her Partner With Dementia (PWD).  
Partner impact. Laurel reported that William engaged in the following sleep-
related behaviours every night: “Getting up during the night”, “Wandering, pacing, 
or getting involved in inappropriate activities during the night”, “Awakening you 
during the night”, “Sleeping excessively during the day”, “Other night-time 
behaviours that bother you”. Laurel transitioned from sleep to wake on average 15 
times per night, and on average, William was awake before 30% of Laurel’s 
transitions, suggesting that William was awake when Laurel woke up about five 
times per night and that most of the time her awakenings were not likely to be 
directly due to partner wakefulness.  
Qualitative comments. Laurel was the only carer in the three examined case 
studies to provide additional qualitative comments at the end of the study, in 
response to the question “Are there any general comments or observations that you 
would like to make about your sleep, or the sleep of the person that you care for?” 
Laurel commented “I sleep two floors above William. I have a monitor with a visual 
screen. I am often woken by William’s movements but not always as he moves 
quietly… Each morning I wake up quite refreshed – have always done so (early to 
bed, early to rise). However if I rest – to read usually – I find myself nodding off in 
the afternoon around 2pm. It’s not so much the physical, but emotional and mental 
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tiredness that gets to me – not knowing what’s going to happen, thinking for 2 
people, all the paper work.” 
Psychological, physiological and behavioural factors. Laurel’s responses to 
the Geriatric Depression Scale and Geriatric Anxiety Scale (1 and 0) suggested low 
levels of depression and anxiety. Laurel’s score on the short version of the Zarit 
Burden Interview was 14, where scores above 16 suggest high burden. Laurel 
reported two current medical conditions, and that she was taking four medications. 
 
Figure 9.4. Average activity levels (mean objective movement count per minute, 
averaged across 14 days) over the 24-hour day for Laurel (Carer) and William, her 
partner with dementia (PWD).  
Figure 9.4 displays the average 24-hour activity levels for Laurel and William 
across the 14-day measurement period, and shows a relatively flat rest-activity 
rhythm in William. This is reflected in his low day-to-day rest-activity rhythm 
stability, his high levels of intra-daily stability, and minimal difference between his 
most and least active periods of the day (see Table 9.1). In contrast, Laurel showed a 
robust rest-activity rhythm, with low activity during the night and high levels of 
activity during the day. Additionally, the dip in activity around 2pm matchers her 
qualitative account.  
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Figure 9.5. Average 24-hour light exposure profile of dyad 1, smoothed using a 
moving average, with light exposure shown in lux. Note that light is shown on a 
logarithmic scale.  
Light exposure. Figure 9.5 shows the average daily light profile of Laurel and 
William, and shows that William had an overall flatter light profile. He was exposed 
fairly consistently to dim light overnight, and less bright light during the day. 
William spent on average 25.86 minutes above 1000 lux, representing 3% of his 
usual waking day. In contrast, Laurel spent longer bright light: on average, 63.08 
minutes of her day was spent in light levels above 1000 lux, representing 6% of her 
usual waking day.   
Summary. Objectively measured sleep in Couple 1 was characterised by 
overall differences in the quality and duration of sleep between the carer and person 
with dementia. William demonstrated a significantly disturbed sleep and rest/activity 
rhythms, while Laurel’s sleep and activity rhythms were more robust. Although 
overall, Laurel’s sleep efficiency was higher, on a night-to-night basis, William and 
Laurel’s sleep was moderately correlated. Laurel reported very frequent disruptive 
night-time behaviours in William. Her subjective report of frequently disruptive 
night-time behaviour was consistent with William’s objectively measured sleep-
wake behaviour, which showed a flat rest-activity rhythm, and poor sleep efficiency. 
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9.3.2 Mary and Ted - Dyad 2 
Sleep-Wake Behaviour. Of all the carers, Mary had the poorest 
actigraphically-measured sleep efficiency, and rated her own overall sleep quality as 
“poor” (1 on a 1-5 scale where 1 = poor and 5 = excellent), and Ted’s sleep quality 
as “good” (4 on a 1-5 scale where 1 = poor and 5 = excellent). Additionally, Mary’s 
ESS score of 12 suggested that she experienced high levels of sleepiness during the 
day. Characteristics of Mary and Ted’s sleep are shown in Table 9.2. 
 
Table 9.2 





Timing    
Sleep onset 22:57 21:34 
Wake time 07:24 07:44 
Midpoint 03:10 02:39 
Efficiency/consolidation   
% Immobile 82.20 71.04 
Sleep Efficiency 84.08 76.20 
WASO 61.5 105.35 
Fragmentation Index 37.17 59.93 
NONA 28.07 25.43 
Duration   
Sleep duration (mins) 444.93 504.36 
Rest/activity rhythm   
IS 0.55 0.20 
IV 0.83 2.03 
RA 0.92 0.68 
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Figure 9.6. Sleep Efficiency, calculated as the percentage of time in bed 
actigraphically estimated as asleep across the fourteen nights of measurement for 
Mary (Carer) and Ted, her Partner with Dementia (PWD).  
Figures 9.6, 9.7, and 9.8 show, respectively, Mary and Ted’s sleep efficiency, 
number of night-time arousals, and sleep duration across the 14 measurement nights. 
Mary and Ted’s nightly number of arousals was not highly correlated across the 14 
days (r = .10, p = .738, 95% CI [-0.46, 0.60]), with their sleep duration moderately, 
but not significantly correlated (r = .40, p = .16, 95% CI [0.62, 0.43]), and their sleep 
efficiency significantly correlated (r = .60, p = .024, 95% CI [0.10, 0.86]). 
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Figure 9.7. Number of night-time awakenings (NONA) per night of measurement for 
Mary (Carer) and Ted, her Partner with Dementia (PWD).  
 
Figure 9.8. Sleep duration (shown in minutes) per night of measurement for Mary 
(Carer) and Ted, her Partner With Dementia (PWD).  
Partner impact. Mary reported that less than once per week, Ted had 
“difficulty falling asleep” and “awakening at night, dressing, and planning to go out, 
thinking that it is morning and time to start the day.” Mary reported that Ted engaged 
in “getting up during the night”, “awakening you during the night” and “awakening 
too early in the morning” one or twice per week, and several times per week, 
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“sleeping excessively during the day” and “other night-time behaviours that bother 
you”. Mary transitioned from sleep epochs to wake epochs on average 27 times per 
shared sleep period, with Ted being awake on average 21% of the time prior to her 
arousals. This suggests that Ted was awake about six times per night when Mary 
transitioned from sleep to wake. 
Psychological, physiological and behavioural factors. Mary’s responses to 
the short-form geriatric depression and anxiety scales (6 and 4, respectively) were 
suggestive of depression and generalised anxiety. This was reflected in Mary’s score 
of 20 on the Zarit Burden Interview, which was higher than the cutoff score 
suggested by Bedard et al. (2003) as demonstrating a high level of burden. This 
suggests that Mary was experiencing a high level of burden associated with her care 
role. Mary reported experiencing six medical conditions, as well as taking 12 
medications. Mary and Ted’s daily activity levels differ markedly during the day, 
with Ted’s activity levels rising slightly during the day, but remaining flat in 
comparison to Mary’s activity levels, which were higher during the day and 
gradually tapered off. 
 
 
Figure 9.9. Average activity levels (mean objective movement count per minute, 
averaged across 14 days) over the 24-hour day for Mary (Carer) and Ted, her partner 
with dementia (PWD).  
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Figure 9.10. Average 24-hour light exposure profile of dyad 2, smoothed using a 
moving average, with light exposure shown in lux. Note that light is shown on a 
logarithmic scale. 
Light exposure. Figure 9.10 shows the average daily light profile of Mary and 
Ted. Although visual inspection of Mary and Ted’s overall light profile is not clearly 
discrepant, the duration of Ted’s bright light exposure (1000 lux or over) was 
approximately half of that experienced by Mary. On average, Ted spent an average 
44 minutes exposed to light over 1000 lux, representing 5% of his usual waking day, 
while Mary spent 89 minutes of her day in light levels above 1000 lux, representing 
9% of her usual waking day.   
Summary. Mary experienced the poorest actigraphically-measured sleep 
efficiency of the carers, as well as subjectively poor sleep quality, which co-occurred 
with symptoms of depression and anxiety, as well as a high level of self-reported 
burden associated with her care role. Mary also experienced the lowest day-to-day 
stability in her rest-activity rhythm, and although she rated Ted’s sleep as higher in 
quality than her own, his actigraphically-measured sleep efficiency was poorer 
overall. 
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9.3.3 John and Lyn - Dyad 3 
Sleep-wake behaviour. John and Lyn had the best sleep efficiency of the 
carers and partners with dementia (respectively) included in the study, as shown in 
Table 9.3. However, John rated both his own and Lyn’s sleep as “fair” (2 on a 1-5 
scale where 1 = poor and 5 = excellent), John’s ESS score of 10 suggested that he 
experienced high levels of daytime sleepiness. As the carer, John went to sleep later 
than did Lyn, and woke earlier, resulting in a shorter sleep duration. He had slightly 
poorer sleep efficiency, but the couple had very similar numbers of night-time 
arousals. Although John’s rest-activity rhythm had a higher amplitude and interdaily 
stability than did Lyn, his intradaily variability was higher, suggesting that he had a 
more fragmented activity rhythm across the day (that is, his activity level changed 
frequently from hour-to-hour.  
Table 9.3 
Descriptive sleep metrics of objectively measured sleep for Dyad 3 – John and Lyn 
 John (Carer) Lyn (PWD) 
Timing    
Sleep onset 19:20 18:50 
Wake time 05:45 07:33 
Midpoint 00:33 01:12 
Efficiency/consolidation   
% Immobile 88.87 89.04 
Sleep Efficiency 89.26 92.96 
WASO 46.12 47.12 
Fragmentation Index 24.07 25.04 
NONA 23.29 23.86 
Duration   
Sleep duration (mins) 578.21 715.93 
Rest/activity rhythm   
IS 0.63 0.49 
IV 1.03 0.77 
RA 0.95 0.90 
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Figures 9.11 - 9.13 show, respectively, John and Lyn’s sleep efficiency, 
number of night-time arousals, and sleep duration across the 14 measurement nights. 
John and Lyn’s average number of arousals per night was not highly correlated 
across the 14-day measurement period (r = -.14, p = .630, 95% CI [-0.63, 0.42]). Nor 
was their sleep duration (r = -0.07, p = 0.815, 95% CI [-0.58, 0.48]). Their sleep 
efficiency was moderately, but not significantly correlated (r = -.44, p = .114, 95% 
CI [-0.79, 0.12]).  
 
Figure 9.11. Sleep Efficiency, calculated as the percentage of time in bed 
actigraphically estimated as asleep across the fourteen nights of measurement for 
John (Carer) and Lyn, his partner with dementia (PWD).  
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Figure 9.12. Number of night-time arousals (NONA) per night of measurement for 
John (Carer) and Lyn, his partner with dementia (PWD). 
 
Figure 9.13. Sleep duration (shown in minutes) per night of measurement for John 
(Carer) and Lyn, his partner with dementia (PWD).  
Partner impact. John reported that Lyn engaged in “Wandering, pacing or 
getting involved in inappropriate activities at night” less than once a week. He 
reported that Lyn had “difficulty falling asleep”, and engaged in “sleeping 
excessively during the day” one to two times a week. Finally, John reported that Lyn 
 162 Chapter 9: Study 4c – Sleep-wake behaviour and influencing factors in community dementia care dyads: A multiple case analysis 
“getting up during the night”, and “awakening you during the night” occurred every 
night. As measured via actigraphy, John transitioned from sleep epochs to wake 
epochs 23 times per shared sleep period on average. Lyn was awake, on average, 7% 
of the time prior to these arousals, suggesting that twice per night (on average) Lyn 
was already awake when John transitioned to a wake epoch.  
Psychological, physiological and behavioural factors. John’s score of five on 
the Geriatric Depression Scale was suggestive of depression, however his score of 1 
on the Geriatric Anxiety Scale suggested low levels of anxiety. John’s score of 17 on 
the Zarit Burden Interview suggested he was experiencing a high level of burden 
associated with his care role. John reported currently taking 10 medications. Figure 
9.14 shows a relatively flat rest-activity pattern for Lyn, with higher levels of 
daytime activity seen in John, the carer.  
 
Figure 9.14. Average activity levels (mean objective movement count per minute, 
averaged across 14 days)  across the 24-hour day for John, the carer and Lyn, the 
Partner with Demenia (PWD), in Dyad 3.  
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Light exposure. Figure 9.15 shows the light exposure in Dyad 3, and shows a 
clear difference in the daytime light levels experienced by John and Lyn, with John 
exposed to higher light levels during the day. John spent 132 minutes per day 
exposed to light over 1000 lux on average. In stark contrast, Lyn spent little to no 
time in bright light, spending on average half a minute each day in light over 1000 
lux. 
 
Figure 9.15. Average 24-hour light exposure profile of dyad 1, smoothed using a 
moving average, with light exposure shown in lux. Note that light is shown on a 
logarithmic scale. 
Summary. Despite having the highest sleep efficiency of the carers and 
partners with dementia included in the study, John’s subjective sleep quality ratings 
for both himself and Lyn were not highly rated. Objective measurement of sleep 
suggested that Lyn’s sleep periods were very long, with John going to bed after her 
and rising before her. John had a more stable rest-activity rhythm than did Lyn from 
day to day, and a higher amplitude activity rhythm, but had a slightly more 
fragmented hour-to-hour activity rhythm. John and Lyn had very discrepant exposure 
to bright light. Although John reported that Lyn woke him frequently at night, the 
partner impact analysis examining concordance of night-time awakenings did not 
suggest high levels of disruption from Lyn.  
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9.4 Discussion 
The multiple case studies presented in this chapter allow examination of sleep-
wake behaviour at the individual dyad level. The case studies highlight that sleep in 
home care is a heterogeneous experience. They show a large amount of variation in 
sleep-wake behaviour, light exposure and concordance in night-time awakenings 
between the couples. In two of the three case studies, carers had higher sleep 
efficiency than did their partner with dementia suggesting that they were having 
higher quality sleep each night. The exception to this pattern was the final couple, in 
which the carer had slightly worse sleep efficiency than their partner with dementia, 
however this carer also had the highest sleep efficiency of all the carers. Despite 
sleeping in separate rooms, Laurel and William’s nightly sleep tended to be as 
correlated, or more strongly correlated, than did sleep in the other couples. 
There were a number of consistencies across the couples. Figures 9.4, 9.9, and 
9.14 show that all partners with dementia all had flatter rest-activity rhythms than did 
their carers. This is reflected in the rest-activity rhythm summary statistics, which 
suggested that in general, the partner with dementia had less robust rest-activity 
rhythms than their carer. That is, they had poorer interdaily stability (less similar 
activity rhythms from day to day), higher intradaily variability (more fragmented 
activity from one hour to the next, with one exception in John and Lyn, where John, 
as the carer, had higher intradaily variability) and lower relative amplitude. Even 
where the partner with dementia had higher objectively measured sleep efficiency (as 
was the case with Lyn), or highly subjectively-rated sleep (Mary rated Ted’s sleep as 
“good”), the rest-activity rhythms of the partners with dementia were less robust than 
those of their carers. This is consistent with findings attributing the changes in sleep 
that occur with dementia to the deterioration of the circadian rhythm (Van Someren, 
2007). Further demonstrating the low levels of light exposure in the partners with 
dementia that were shown in Chapter 8, two of the three partners with dementia had 
daytime light exposure patterns that were clearly lower than that of their carers. 
Examining these individual case studies demonstrates the discrepancies between 
people with dementia and their carers, both in terms of rest-activity rhythms as well 
as in light exposure patterns. This difference persists despite the yoked nature of the 
dyads: both dyad members share similar routines and environments. 
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In all three dyads, the partner with dementia consistently slept for longer each 
night than did their carer. This was despite including three dyads representing the 
highest and lowest sleep efficiency of carers and people with dementia, and despite 
the fact that partners with dementia generally had less robust rest-activity rhythms. 
Although this could imply that carers’ sleep was curtailed as a result of their care 
role, a number of factors suggest that it may instead be a result of longer sleep 
periods in the partner with dementia. Firstly, carers’ average sleep duration was not 
significantly shorter than that of a comparison group of non-carer older adults in 
Chapter 6. Second, in the latter two dyads, partners with dementia had sleep 
durations that were more than the 7-8 hours (420-480 minutes) per night 
recommended for older adults (Hirshkowitz et al., 2015), suggesting that these 
individuals were sleeping for longer than is typical for their age group. 
Epidemiological studies have shown U-shaped relationships between sleep duration 
and mortality, with both short sleepers and long sleepers at greater risk of all-cause 
mortality (Gallicchio & Kalesan, 2009). That is, longer sleep is not always associated 
with better health and wellbeing, and the longer sleep periods of the people with 
dementia does not necessarily demonstrate better sleep health. 
Carer’s subjective reports of night-time awakenings did not always reflect the 
actigraphically-determined concordance of night-time awakenings in the dyads. It 
may be that those carers who reported frequently being awakened by their partners 
were awakened for longer or by more disruptive behaviour in their partner, factors 
which were not captured by the partner-arousal concordance metric, but would 
increase the impact of the disruption and the likelihood of carers remembering the 
disruption in the morning. Alternatively, carers may arouse due to intrinsic factors 
during the night, and perceive their awakenings as being due to disruption from their 
partner. Finally, it is possible that the measurement technique relying on movement 
does not adequately capture the onset of awakenings in the partners with dementia. 
9.5 Limitations 
Excepting one dyad, no participants provided qualitative comments, and as 
such the case study descriptions rely on quantitative data. Although the data are 
detailed, aside from one open-ended question, the study did not allow for participants 
to generate their own interpretation or comments regarding their experience with 
sleep and related functioning in a home care setting. Both the use of quantitative 
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data, as well as the use of an a priori theoretical framework mean that the sleep 
experience in community care dyads was examined with an existing set of 
dimensions and influencing factors in mind, and results are organised along those 
lines, rather than allowing these to emerge from the data. A larger qualitative 
component could allow for participant-generated factors to emerge. Additionally, this 
study incorporated little input from the person with dementia. This is a challenge 
given the cognitive impact inherent in the condition, which could be overcome by the 
inclusion of qualitative methods.  
9.6 Strengths 
The use of case studies allows simultaneous examination of a variety of 
influencing factors and sleep-wake behaviour in three of the participating dyads. 
Additionally, the multiple types of data collected over a longitudinal period provides 
a detailed picture of sleep-wake behaviour over the 14-day measurement period, as 
well as selected modifiable influencing factors. The case studies were able to reveal 
variability within the experience of home care that was not readily apparent in earlier 
chapters looking at differences between those living with and without dementia. 
9.7 Implications for future research 
Although this chapter presents case studies that cannot be generalised to reflect 
the broader home carer population, they raise a number of potential avenues for 
future research. These include more studies including simultaneous assessment of 
both members of care dyads. Studies incorporating greater sample sizes could 
include more complex modelling of light profiles and activity rhythms, as well as 
allowing multi-level approaches to assessing between and within dyad effects.  
Additionally, the discrepancy between subjective and objective measures 
suggests that future research could, either qualitatively or quantitatively, conduct 
more thorough investigation of expectations around sleep in carers, as well carers’ 
attributions and expected consequences of sleep disruption.  Finally, the differences 
in the daytime activity and light levels of carers and their partner raise avenues for 
future research. Future research could, both quantitatively and qualitatively, 
investigate some of the reasons for this discrepancy further. For instance, light 
exposure and activity could be measured quantitatively, whilst factors leading to the 
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light levels and activity levels during that day could be explored qualitatively, 
allowing for input from both the carer and the partner with dementia.  
9.8 Conclusions 
Quantitative case studies allowed a more detailed description of sleep-wake 
behaviour in community care dyads. The examination of care dyads show both some 
similarities across dyads, such as discrepancies between dyad members in activity 
rhythms, light exposure, and sleep duration, as well as differences within cases in the 
concordance of night-time awakenings and their reflection of subjective sleep 
ratings. The MISH conceptual model provided a systematic structure for describing 
the quantitative case studies, and the presented data provides possibilities for 
exploration via future research.   
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Chapter 10: General Discussion 
This program of research addressed the sleep health of Australian older adults, 
and in Chapter 2, presented a new conceptual model to guide examination of factors 
influencing sleep health. The key findings of each study are discussed in their 
respective chapters. As such, this final chapter provides an overview of the key 
findings as they relate to the research questions identified in Chapter 3. This is 
followed by consideration of their theoretical implications of these findings for the 
MISH conceptual model presented in Chapter 2. Further, this chapter discusses the 
implications of the current findings for the MISH model, practical implications of the 
results, particularly in terms of intervention development, the strengths and 
limitations of the overall research program, as well as challenges and future 
directions in this area of research.  
10.1 Key findings 
10.1.1 Research Question 1: How prevalent are sleep difficulties in Australian 
older adults? 
Chapter 3 demonstrated that clinically significant sleep disturbance occurs in a 
significant portion of Australian older adults, and in a significant proportion of those 
with dementia. Further, it showed that sleep medications were more frequently 
prescribed for older patients than they were for younger patients. These findings 
suggest that clinically significant sleep disturbance is a concern for many Australian 
older adults. Given that healthy sleep is an important component of healthy ageing, 
the subsequent studies used the MISH conceptual model to examine sleep health, and 
selected factors influencing sleep health, in older adults. 
10.1.2 Research Question 2: Is naturalistic light a factor in the sleep health of 
older adults? 
A number of key environmental and interpersonal factors influencing sleep 
were identified in the MISH conceptual model, with a focus on two specific factors 
in Chapters 5-9. Chapters 5 and 6 examined the role of light as an environmental 
factor influencing sleep. The systematic review presented in Chapter 5 identified that 
just four studies have evaluated the relationship between naturalistic light exposure 
and sleep in community-dwelling older adults, with all four finding a relationship 
between some aspect of light exposure and sleep-wake outcomes. In the naturalistic 
observation of sleep and light presented in Chapter 6, relationships were found 
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between the duration of time spent above 250 lux and the timing of light above 1000 
lux and a range of sleep-wake outcomes. These relationships were in some cases 
stronger than those between psychological factors and sleep, which are well-
demonstrated (Smagula et al., 2015) suggesting that naturalistic light exposure 
warrants further consideration. Although future research is needed to determine its 
relationship with related factors such as activity and functional health, these results 
suggest that naturalistic light exposure is related to sleep in community-dwelling 
older adults.  
10.1.3 Research Question 3: What is the relationship between selected 
psychological, physical, and behavioural factors and sleep-wake behaviour 
in older adults? 
Previous research has demonstrated relationships between psychological, 
physical, and behavioural factors and sleep (as outlined in Chapter 2). In the sample 
examined in Chapter 6, only an increased number of medical conditions was 
significantly related to increased sleep efficiency. This finding provides support for 
the inclusion of physiological factors, such as the presence of medical comorbidities, 
in the MISH conceptual model. Although significant relationships with other 
variables were not found in the present study, the ability to detect these effects is 
likely limited by insufficient power. 
10.1.4 Research Question 4: Do carers of people with dementia experience 
poorer sleep health and circadian function in comparison to non-carer 
older adults? 
Differences in subjectively measured sleep, and in actigraphically-measured 
sleep onset latency, were found between community-dwelling carers of people with 
dementia and older adults without such care roles. These results are broadly 
consistent with those in previous reports, which have reliably found differences 
between carers and non-carers on subjectively reported sleep-health variables. As 
with previous studies, carers had significantly poorer sleep health on some 
dimensions, but not others. This study also compared rest-activity rhythm metrics 
between these groups, and found more stable day-to-day rhythms in comparison to 
the older adult reference group. Future research should assess whether this finding 
can be replicated in other carer samples.  
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10.1.5 Research Question 5: How do carers of people with dementia compare to 
older adults on selected psychological, physiological, behavioural and 
environmental factors? 
No differences were found between the group of carers and the comparison 
group of older adults in their light exposure, nor on other selected influencing 
factors. However, carers reported significantly higher levels of anxiety. This finding 
supports previous research comparing psychological factors between carers and older 
adults. The know relationship between psychological wellbeing and sleep outcomes 
may be involved in the differences found between groups on a small number of 
sleep-wake outcomes.  
10.1.6 Research Question 6: How do interpersonal factors influence sleep in 
community dementia care? 
Night-time disruption from their partner with dementia has been presumed to 
contribute to the sleep difficulties experienced by carers. As such, sleep–wake 
behaviour and light exposure in partners with dementia was examined. Examination 
of interpersonal factors via PISWA analysis, and the detailed evaluations described 
in the case studies, suggest that interpersonal factors are relevant to the sleep of older 
adults. There was not a significant difference between the groups in the analysis of 
night-time awakening concordance, however carers perceived disruption from their 
partners during their sleep period. Discrepancies between the subjectively and 
objectively reported sleep-wake data provides potential avenues for future research 
addressing moderation of interpersonal factors.  
10.2 Theoretical contributions and implications for the conceptual model 
This thesis contributes to the theoretical understanding of sleep in older adults 
via the proposal, development, and preliminary testing of the Multifactorial 
Influences on Sleep Health Model (MISH) as a conceptual model intended to capture 
the range of factors influencing sleep health in older adults and community dementia 
carers. The two primary advantages of using this conceptual model to guide the 
program of research are its acknowledgement of multiple influencing factors, and its 
conceptualisation of sleep health as a multidimensional construct. This thesis 
demonstrated that the MISH model has utility as a framework for examining sleep 
both in the general older adult population, and in dementia carers. In that capacity, it 
 Chapter 10: General Discussion 171 
provided a useful structure for systematic examination of both sleep-wake outcomes 
and specific influencing factors.  
This program of research directly tested key relationships within the broader 
conceptual model. In particular, the relevance of interpersonal factors to sleep-wake 
behaviour and subjective experience was demonstrated in older adults and in carers. 
The relationship between light exposure and sleep, a relationship identified in the 
conceptual model, was most strongly supported by this program of research. The 
specific relationships (which relate to environmental influences, and sit within the 
presented MISH model) that were supported by this research are shown in section 
6.3.5. Future studies should assess the relative contribution of light in the context of 
other factors, such as the presence of medical conditions or level of habitual activity. 
The MISH model provides a framework for future research that simultaneously 
assesses multiple factors influencing sleep health to determine their relative impact, 
for example, by testing a fully specified version of the model with Structural 
Equation Modelling or similar contemporary approaches. The model may be equally 
applicable in other populations where sleep is influenced by a variety of endogenous 
and exogenous factors, and similar approaches would also be appropriate in those 
populations. 
10.3 Practical implications of the presented research 
10.3.1 Practical implications of the MISH model  
Findings from this thesis have implications for the management of sleep in 
older adult populations in the community, and for dementia care. The MISH 
conceptual model could be used to guide clinical assessment in older adults to ensure 
that a) dimensions of sleep health are assessed, and b) a range of influencing factors 
are examined. In clinical settings, this could align well with current process models 
of insomnia to identify predisposing, precipitating, and perpetuating factors for 
individuals who have ongoing problems with their sleep. Importantly, this approach 
could be applied to those who experience other sleep disorders, or those who do not 
have a presenting sleep complaint. This could support a preventative approach to 
maintaining sleep health. Psychological, physiological, behavioural, environmental 
and social factors putting individuals at risk or vulnerability to poor sleep could be 
systematically identified and targeted for change before sleep health deteriorates or 
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becomes a chronic issue. Taking such a preventative approach would allow for the 
development of personalised advice for a range of conditions, such as OSA, where 
initial assessment could include a range of factors in addition to assessment of 
breathing. To this end, the MISH conceptual model could provide a useful 
framework for the development of a preliminary case assessment tool, either as a 
self-report instrument or a more comprehensive assessment package. By engaging in 
a brief assessment of sleep health, clinicians could gain a better understanding of a 
patient’s current circumstances, and better direct efforts to support healthy sleep in 
individual patients. 
10.3.2 Light exposure and environmental light interventions 
The well-demonstrated effect of light in experimental settings is not yet 
matched by studies assessing its presence and manipulation in naturalistic settings. 
Although the measurement of habitual light exposure presents challenges, increased 
reporting and analysis will lead to a better understanding of how environmental light 
can be manipulated to support healthy sleep. This may be especially important 
populations where circadian factors are contributing to deterioration of sleep. Study 3 
reported relationships between some measured light variables and sleep, suggesting 
that habitual exposure to ambient light is a factor that influences sleep health in 
community-dwelling older adults.  
Bright light interventions to improve sleep have been implemented in a range 
of populations with varying levels of success (Friedman et al., 2009; Lack, Wright, 
Kemp, & Gibbon, 2005). As noted by Hood et al. (2004), the acceptability of, and 
adherence to interventions involving bright light boxes is an important consideration 
when designing interventions, as these interventions expose participants to 
potentially uncomfortable levels of high intensity light.  
There are potential tolerance and convenience benefits associated with the 
passive manipulation of day-to-day light exposure, whether through artificially 
manipulated ambient light (e.g., creating an improved artificial light environment in 
the home), or increased exposure to natural light where feasible. Interventions 
utilising natural light may enable a focus on increasing overall light exposure across 
the day, rather than encouraging a very high level of light exposure for a relatively 
short period of time (as is the case with current light therapy approaches). It is 
currently not known whether this strategy may be more effective in improving 
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biologically relevant light in groups at risk, and head-to-head comparisons between 
different lighting regimes are needed. The results from Study 3 suggest that boosting 
daily naturalistic light exposure might result in improved sleep health, balanced with 
the potential for better intervention tolerance, better regime adherence, and reduced 
burden of treatment. Examining habitual environmental light exposure is an 
important adjunct to the manipulation of light in more controlled settings for 
establishing the potential benefit of passive environmental interventions. While 
experimental manipulations suggest benefits, real-world settings add a great deal of 
complexity, and more data on habitual light exposure in the community, such as that 
reviewed in Chapter 5 and presented in Chapter 6, is needed to inform passive 
interventions.  
A review of lighting interventions by White, Ancoli-Israel and Wilson (2013) 
suggests that there is already sufficient evidence that lighting can practically be 
improved to improve health outcomes in long-term care facilities, and notes the 
advantages of using environmentally-integrated lighting design over traditional 
bright-light therapy (i.e. benefits including increased feasibility and acceptability of 
the intervention). White et al. (2013) suggest that sufficient information is already 
available to guide the design of lighting environments to optimise health in indoor 
environments. This strategy is particularly appealing when considering the 
proportion of daily life spent indoors by older adults, and by subgroups of older 
adults whose mobility and daily functioning may be particularly impaired (e.g. those 
involved in community dementia care). Changes to lighting can be incorporated into 
the design of living environments in ways that require little to no behavioural change 
to improve sleep. Currently, there are guidelines for residential aged care 
environments that address and specify aspects of light such as glare and visibility, 
but no such guidelines exist to guide optimisation of light to promote of sleep and 
circadian functioning (Lucas et al., 2014). Research on habitual lighting 
environments is essential for establishing such guidelines. 
10.3.3 Partner impact 
 Finally, this research provides some evidence for the relevance of 
interpersonal factors for sleep health in both dementia care dyads and in non-carer 
older adults. However, it is unclear to what extent the direct impact of their partner 
may be influencing the sleep of carers. The impact of the partner is likely to occur 
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through multiple mechanisms, of which increased night-time awakenings is just one. 
Chapter 8, which assessed the impact on the sleep of carers of the partner with 
dementia, is one of very few studies to quantify light exposure in people with 
dementia in the community. The sample of people with dementia included in this 
analysis received significantly lower levels of bright light than did a comparison 
group of community-dwelling older adults. This occurred despite the fact that they 
were living with carers whose light exposure was not significantly different to a 
comparison group of older adults, and despite residing in a subtropical region that 
receives a great deal of natural environmental light (the ‘sunshine state’). The low 
exposure levels experienced by those with dementia suggest that interventions to 
increase daytime light exposure and decrease night-time light exposure could be 
beneficial in improving sleep in community dementia care dyads, by targeting the 
person with dementia.  
10.4 Strengths and limitations 
In addition to the strengths and limitations discussed in the individual chapters, 
a number of strengths and limitations of the research program as a whole are 
discussed in this section.  
10.4.1 Limitations 
Excepting Chapter 3, the primary limitation of studies presented in this thesis is 
the modest sample sizes recruited into the studies. Despite a number of community 
outreach methods and meetings with peak organisations relevant to the population, 
small participant numbers were recruited. The sample size has implications for 
statistical power, and for the generalizability of the results to the broader population 
of older adults and dementia carers. However, modest sample sizes are typical when 
recruiting clinical groups, and not unexpected in studies assessing sleep objectively 
in these populations. This is particularly the case in carers, for whom research 
participation presents an additional burden (see Table 7.1 for a summary of studies 
assessing sleep objectively in dementia carers).  
Although rest-activity rhythms represent an important measurement outcome in 
their own right, they are a proxy for circadian function only, rather than a direct or 
unmasked measure of circadian function (e.g. in contrast to DLMO, core body 
temperature, or similar). As well as being dictated by circadian processes (which, in 
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turn, are influenced by light), these rhythms are also affected by behavioural factors 
such as daily routines. Results relating to rest-activity outcomes should be interpreted 
with this in mind. Additionally, although actigraphy is widely used in studies 
assessing sleep in older adults and in dementia care settings, and has many 
advantages in such settings, its ability to accurately determine some sleep 
characteristics, such as sleep onset latency, is debated. Results should be interpreted 
with an awareness of the strengths and limitations of actigraphy as a measurement 
methodology.  
No age restrictions were placed on the recruitment of carers; however, the 
carers recruited to the current study were all aged over 65 years. Although national 
surveys suggest that carers do tend to be older adults, many younger individuals also 
provide care to parents or other relatives. For this younger population, some of 
factors associated with ageing are likely to be less relevant for any disruption of their 
sleep . Instead, other factors (such as partner impact) may be more important than 
those factors associated with ageing, and it is possible that they have less overall 
threat to their sleep health. However, these possibilities are speculative, and these 
effects were not examined in the current study.  
Although aspects of dyadic sleep were examined in the latter part of the thesis, 
and interpersonal impacts are included as a specific aim, the MISH model is not itself 
a dyadic model. It focuses on sleep and functional outcomes at the individual level, 
and is not designed to simultaneously capture how characteristics of each dyad 
member influence each other. However, the MISH model could be used to guide 
selection of sleep-related factors to be included in dyadic models (e.g., the actor-
partner independence model; Kenny, Kashy & Cook, 2006).  
Although both people with dementia and their carers were included in the 
current research, greatest emphasis was placed on the carers. Diagnosis of dementia 
in the community-care dyads was established via carer report, and was not confirmed 
via contact with healthcare providers or individual assessments within the research 
program (e.g. full neuropsychological assessment demonstrating decline in function 
consistent with a dementia). This approach was taken to minimise burden on the 
participants and also because the research questions concerned the experience of 
community dementia care and its impacts, rather than that establishing specific 
characteristics of sleep-wake behaviour in different types, durations, or severities of 
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dementia. Therefore, carer-reported dementia diagnosis, and self-identification as the 
primary carer were considered sufficient for the purposes of this research. Similarly, 
the older adult sample was heterogeneous, and reported multiple medical conditions. 
However, examination of the sample’s responses on the quality of life instrument 
suggests that on average, the sample had higher health-related quality of life than did 
the general Australian older adult population.  
10.4.2 Strengths 
The use of an updated conceptual framework to guide the investigation of 
relevant factors is a significant strength of this thesis, as it situates the examination of 
selected individual factors in a broader context, acknowledging the wide range of 
influences upon sleep-wake behaviour in these populations. The MISH conceptual 
model provided a useful guiding structure for both the thesis as a whole, and for the 
approach to the case studies. 
While some psychological and physiological factors have received attention as 
predictors of sleep difficulties in older adults in the broader literature (Smagula et al., 
2015), other factors identified in narrative reviews and included in the MISH model 
have received limited attention. As such this research program represents novel 
exploratory work by evaluating a number of poorly understood relationships. The 
results suggest that further research to establish the impact, and relative impact, of 
these factors is warranted. The findings contribute to the groundwork necessary for 
the development of evidence-based interventions to support sleep in healthy older 
adults.  
The program of research is also strengthened by the variety of methodological 
and measurement approaches used. Research questions were addressed both at a 
macro level via the examination of a large sample of archival data (i.e. the analysis of 
medication use presented in Chapter 4), but also at a micro level by examining in a 
detailed way a range of specific metrics. The studies presented in Chapters 6-9 were 
bolstered by the use of comprehensive objective assessment of sleep via valid and 
reliable measures. The 14-day window of actigraphic assessment (a longer duration 
than that of many studies in this area) allowed for very reliable estimates of usual 
behaviour and light exposure, and provided stable estimates of sleep-wake behaviour 
in a naturalistic setting (Rowe, McCrae, Campbell, Horne, et al., 2008). A number of 
novel measurement approaches were used to address the research questions. The 
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study described in Chapter 3 included a unique source of existing data to examine 
sleep in a large population of both older adults and individuals with dementia. Such 
approaches could be applied to address similar questions in dementia carers. 
Characterising the rest-activity rhythms of older adults using metrics such as 
interdaily stability, intradaily variability and relative amplitude is a significant 
contribution to the literature. Examining rest-activity rhythms is conjunction with 
light exposure has not previously occurred in the literature (as evidenced by the 
results of the systematic review presented in Chapter 5). As the importance of 
healthy circadian function becomes more apparent, more studies should apply such 
analysis to activity monitoring data to examine these outcomes. Finally, new 
approaches to capturing the effect of both ambient light and partner impact (via the 
PISWA analysis) were explored to capture the impacts of these variables on sleep, 
developing our understanding of how best to approach these constructs when 
considering their impact upon sleep. 
10.5 Future directions 
This program of research raises a number of questions that could be further 
explored in future research. Relationships between ambient light exposure and sleep, 
as well as the impact of partners, in older adults and community carers have received 
limited attention. This research program was exploratory in nature, and further 
hypothesis-led investigation into these questions is encouraged. Future research 
should work towards the quantification of ambient light exposure and its relationship 
with sleep in a variety of ageing scenarios and environments, as this will directly 
inform the development of interventions to support healthy sleep-wake function in 
older adults. There is still a great deal to be understood about the measurement of 
circadian light (Lucas et al., 2014), and about which aspects of ambient exposure are 
important for sleep and circadian functioning. This thesis presents some novel 
findings regarding the timing of light exposure in older adults (i.e. through the use of 
MLiT metric); however, future research should further explore different approaches 
to capturing and assessing patterns of exposure. 
The simultaneous examination of dyads and the explicit inclusion of 
interpersonal influences present an interesting avenue for future research. With the 
recruitment of larger sample sizes, studies could employ multi-level modelling 
techniques to allow the examination of within- and between-dyad effects. Such 
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approaches would also allow for the examination of night-to-night variation in the 
sleep of dyads, such that the impact of nighttime disruptions could be examined in 
subsequent sleep or in daytime functioning. Such investigations could better inform 
the management of sleep in disrupted care environments. 
The presented conceptual model provides a preliminary basis for future 
research examining multiple influencing factors and their relationships with each of 
the dimensions of sleep health. Although some studies have assessed a handful of 
multiple factors simultaneously (Smagula et al., 2015), there remains a need for 
simultaneous measurement of a range of factors influencing sleep, informed by 
conceptual models or by existing reviews. The relative weight of discrete factors in 
the MISH model, the degree to which they interrelate, and their exact roles in 
predicting sleep outcomes are all unknown. Future research designed specifically to 
assess multiple factors simultaneously, and incorporating large and representative 
samples, would allow modelling of the impact of these factors.. Some variables in 
the MISH model could be assessed using less rigorous approaches than those used in 
the present study, to enable the measurement of variables in a way that minimises 
participant time and burden and gather large sample sizes. Alternatively, archival 
analysis of larger epidemiological data sets using the MISH conceptual model as a 
theoretical basis, or with the intent to expressly test the MISH model, could provide 
an alternative approach for assessing the relative impact of the described factors. 
Future research will need to consider these methodological trade-offs between data 
resolution and breadth. 
In the current study, factors included in the MISH model and thought to impact 
upon sleep health were not directly tested in a carer sample. Future studies could 
build on these findings by directly testing relationships between influencing factors 
and sleep health in a carer sample. Future research could also investigate the 
moderating effect of psychological variables such as perceived carer burden, the 
presence of depression or anxiety, or attitudes and beliefs about sleep when 
considering the influence of disrupted partner sleep both in carers and in non-carer 
older adults. Studies assessing how these factors might interact, and what 
implications this might have for interventions to improve sleep, would bolster the 
development of interventions. 
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10.6 Summary 
Overall, this research program presented a new conceptual model of sleep 
health in older adults, a broad model which may also be applicable to other groups 
where sleep is influenced by a range of physiological, psychological, behavioural 
environmental and interpersonal factors. The outcomes provide support for the 
inclusion of light exposure and partner impact as particularly impactful 
environmental and interpersonal factors (respectively) in the model. As a 
consequence, new avenues of research, including further examination of the social 
and behavioural determinants of light exposure and the impact of habitual light, have 
been raised. There remains important work to be done in understanding and 
supporting sleep health, and therefore quality of life, for older adults and those 
involved in community dementia care. 
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Appendix A 
Recruitment approaches and number of dyads recruited via each approach 
Recruitment method  Dyads  
Radio interviews (two) 4 
Advertisement in local newspapers 5 
Postcard drops 0 
Notices via community service organisations (U3A online, COTA) 0 
Community services expo days (2) 1 
Stall at local shopping centre 0 
Direct contact with retirement homes 1 
QUT community 3 
QUT Podiatry Clinic 0 
Local GP Office 4 
Wesley Hospital 1 
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 PARTICIPATION REQUIREMENTS 
Thank you for taking the time to participate in this study. This booklet provides information about the 
study, as well as some sections for you to complete. To participate, please: 
 
 
Continue wearing the actigraph 
You should have your actigraph on now, please keep it on for the entire two weeks 




Complete your sleep diary each day 
Each day, please record some basic information about your sleep in the sleep diary 




Remove your actigraph and return your study materials 
You and your study partner may remove your actigraph any time on: 
 
 ______________________________________________________  
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QUESTIONS/CONCERNS 
If have any questions or require any further information about the project please contact one of the 




Ms Alicia Allan 
PhD candidate, CARRS-Q 
Faculty of Health, QUT 
 
phone:  0447325479 
email: alicia.allan@qut.edu.au  
Alternative contact: 
 
Dr Simon Smith 
CARRS-Q 
Faculty of Health, QUT 
 
phone:  3138 4908 
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ABOUT THE ACTIGRAPH 
 
Q:  What information will the researchers get from my Actigraph? 
A:  The actigraph measures movement and light exposure, and provides information about your levels 
of rest and activity across the day, as well as your general activity and light exposure levels. Please 
try to stop your sleeve from covering your actigraph. 
 
 
Q:  How tight should my Actigraph be? 
A:  The actigraph should not slip about on your wrist when you move your arm. However, it should 
be comfortable and should not restrict blood flow in your wrist. If it feels too tight, loosen it one 
notch on the band. 
 
 
Q:  Can I wear my Actigraph when I shower? 
A:  Yes. The actigraph is water resistant, and you can wear it when you shower or bathe for up to 30 
minutes. You should not have to remove it during the duration of my study 
 
 
Q:  When should I remove my Actigraph? 
A:  You should remove your actigraph if: 
 You are using a swimming pool, or your arm will be submerged in water for a long period of 
time. 
 The actigraph is causing irritation to your skin. 
 
 
Q:  What should I do if I have to remove my Actigraph? 
A:  Where possible, keep your Actigraph on. If you do have to remove it, please note this in your 
sleep diary, in the section starting on page 6.  
 
 
Q:  Can the Actigraph give me an allergic reaction? 
A: This is very unlikely, but if you develop skin reddening or irritation, remove the device and 
contact the researcher. 


















 Please try to not to let your sleeve cover your actigraph. The actigraph measures 
light exposure, which is an important part of the study.  
 
 Please complete your sleep diary individually. You are not required to share your 
responses with your partner. 
 
 Continue to go about your regular daily activities. The actigraph should not impact 
these in any way. 
 
 Participation is voluntary – if you decide that you no longer wish to participate, you 
may stop at any time. Please contact the researcher if you decide you no longer wish 
to participate. 
Important things to note 






If you had any naps yesterday, approximately what time did you start and end each nap?  
 




















Last Night’s Sleep 
Think about your sleep last night and note the following information, remembering to circle either AM 
or PM.  
 
Bedtime What time did you go to bed last night? 
(for the purpose of going to sleep, not for reading or other 
activities) 
 __________ am/pm 
Morning What time did you wake up this morning? 
(your final wake time) 
 __________am/pm 
 What time did you get out of bed? 












Overall, how would you rate the quality of 
your sleep last night? (circle one) 
Very 
Poor 





If you removed your actigraph yesterday, when did you remove it? 
 
What time did you remove your Actigraph?  
_______________am/pm 
What time did you put your Actigraph back on?  
_______________am/pm 
Is there anything else you 
would like to mention about 







Sleep Diary – Day 1  
Complete this on the morning of ________________ 
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Appendix C 
Questionnaire booklet provided to older adult dyads 
  









Understanding sleep in older adult couples 
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Questionnaire: Sleep, health and daily habits 
The following pages ask questions about your sleep, health, daily habits. The survey is quite long, but you are 
welcome to complete it in your own time over the next two weeks. Please return this booklet to the researcher 
with your actigraph. All of the questions are important to us, but some questions might not seem to apply to 
you, and some may seem quite similar. This is so that we can understand your sleep and health as best we can.  
Please circle your response for the following questions: 
1 What is your gender? Male Female   
2 What is your age? ___________years   
3 Do you currently undertake paid 
work on a regular basis? 
No/Retired Yes – full time Yes – part time/ casual 
4 Do you currently volunteer on a 
regular basis? 
No/Retired Yes – full time Yes – part time/ casual 
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 Please list any medication, including sleeping pills that you taking at present. 




long have you been 
taking this 
medication? 
How much of this 
medication do you take, and 
when? 
 
(e.g. Paracetamol) (e.g. 100 mg) (e.g. 18 months) 
(e.g. 2 tablets morning,  
 2 tablets evening) 
5     
6     
7     
8     
9     
10     
11     
12     
13     
14     
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Are you currently diagnosed with any of the following conditions? 
 
Condition 
Yes       
No If yes, please give details 
15 
Heart disease   
 
16 
High blood pressure   
 
17 
Arthritis   
 
18 
Diabetes   
 
19 
Cancer   
 
20 
Stroke   
 
21 
Depression   
 
22 
Osteoporosis   
 





Thyroid disease   
 
25 Urinary problems such as kidney 
disease or prostate problems 
  
 
26 Neurological disorder such as 
seizures or Parkinson’s 
  
 
27 Eye condition such as macular 
degeneration, glaucoma, cataracts 
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Are you currently diagnosed with any of the following sleep disorders?  
 Condition 
Yes       
No If yes, please give details 
29 Sleep Disordered Breathing  
















33 Have you ever been a smoker?   Yes No  
34 If you still smoke, how many cigarettes per day do you smoke? ________ cigarettes 
35 Please estimate how many standard drinks you would have per 
week.  (Please include wine, sherry/port, beer and spirits) ________ standard drinks 
36 How many days per week do you NOT drink alcohol? ________ days 
 
Please indicate the number of caffeinated drinks you usually have each morning, afternoon, and evening 
(caffeinated drinks include tea, coffee, cocoa and cola). 
  Number of caffeinated drinks 
37 Morning 0 1 2 3 4 or more 
38 Afternoon 0 1 2 3 4 or more 
39 Evening 0 1 2 3 4 or more 
 




























40 Have an alcoholic drink before bed to help you sleep? 1 2 3 4 5 
41 Take sleeping pills before bed to help you sleep? 1 2 3 4 5 
42 Take complementary or herbal remedies to help you sleep? 1 2 3 4 5 
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The next few questions ask about any falls you have had in the past year.  
By a fall, we mean unintentionally falling all the way down to the floor or ground, or falling and hitting an object like a chair or stair. 
43 In the past year, how many times have you fallen? 0 1 2 3 4 5 
 
 
If you have had any falls in the past year, please give us some information about them by circling responses below: 
  Fall  1 Fall  2 Fall  3 Fall  4 Fall  5 
44 Where did you fall? At home At home At home At home At home 
 
Not at home Not at home Not at home Not at home Not at home 
  
     
45 When did you fall? Morning Morning Morning Morning Morning 
 
Afternoon Afternoon Afternoon Afternoon Afternoon 
 
Evening (before usual 
bed time) 
Evening (before usual 
bed time) 
Evening (before usual 
bed time) 
Evening (before usual 
bed time) 
Evening (before usual 
bed time) 
 
Night (after usual bed 
time) 
Night (after usual bed 
time) 
Night (after usual bed 
time) 
Night (after usual bed 
time) 
Night (after usual bed 
time) 
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Thinking about your sleep, please tick the response that applies to you: 
46 What are your current sleeping arrangements with the other person completing this study? 
 
 Same bed, same room 
 
 Separate beds, same room 
 
 Different room 
 
47 How often is your sleep disturbed by the other person completing this study?  
 
 Every night or almost every night 
 
 A few nights a week 
 






48 How often is your sleep disturbed by physical pain or discomfort at night? 
 
 Every night or almost every night 
 
 A few nights a week 
 






49 How often is your sleep disturbed by the need to get up to go to the bathroom at night? 
 
 Every night or almost every night 
 
 A few nights a week 
 






Think about your sleep in the past week and note the following information, remembering to circle either 
AM or PM.  
   50 How many naps did you usually have during the day? 
 ____________  naps 
   51 In total, how long did you usually spend napping during the day? 
(the number of minutes you spent napping across the day) ____________  minutes 
   52 How long did it usually take you to fall asleep at night? 
 ____________  minutes 
   53 How many times did you usually awaken during the night?  
____________  times 
   54 What time did you usually go to bed at night? 
(for the purpose of going to sleep, not for reading or other activities) ____________  am/pm 
   55 What time did you usually wake up in the morning? 
(your final wake time) ____________  am/pm 
   56 What time did you usually get out of bed? 
(when you actually left bed) 
 
____________  am/pm 
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57 The bedroom is quiet at night 1 2 3 4 5 
58 I notice noise throughout the night  1 2 3 4 5 
59 The bedroom is a comfortable temperature at night 1 2 3 4 5 
60 I feel too hot or too cold during the night 1 2 3 4 5 
61 The bedroom is very dark at night 1 2 3 4 5 
62 The bedroom has windows or blinds to keep out light 1 2 3 4 5 
63 I watch television in the bedroom 1 2 3 4 5 
64 I use a computer in the bedroom 1 2 3 4 5 
65 Other aspects of my sleeping environment disturb me at night  1 2 3 4 5 
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Please read each question and circle the answer that best applies to you over the past week.   
There are no right or wrong answers.  Do not spend too much time on any question. 
The rating scale is as follows: 
1 Never applied to me 
2 Applies to me occasionally 
3 Applies to me sometimes 
4 Applies to me often 
































66 Do you have problems with your sleep? 1 2 3 4 5 
67 Do you have drinks with caffeine (coffee, tea, cocoa, cola) within 6 
hours of bedtime? 
1 2 3 4 5 
68 Do you exercise at least 3 times a week? 1 2 3 4 5 
69 Do you nap during the day? 1 2 3 4 5 
70 Do you wake up choking? 1 2 3 4 5 
71 Have you been told you snore? 1 2 3 4 5 
72 Do you snore loudly (you can be heard through a closed door)? 1 2 3 4 5 
73 Do you snore so loudly that it bothers others? 1 2 3 4 5 
74 Has anyone told you that you stop breathing when you are asleep? 1 2 3 4 5 
75 Do you wake up suddenly and can’t breathe? 1 2 3 4 5 
76 Do you wake up gasping for breath? 1 2 3 4 5 
77 Do you snort or gasp in your sleep? 1 2 3 4 5 
78 Do you fall asleep during the day without meaning to? 1 2 3 4 5 
79 Have you fallen asleep while you were driving? 1 2 3 4 5 
80 Do you get very sleepy during the day? 1 2 3 4 5 
81 Is it hard to do your daily jobs because you are sleepy? 1 2 3 4 5 
82 Have you fallen asleep, had an accident or near miss while driving 
due to poor sleep? 
1 2 3 4 5 
83 Do you wake feeling tired? 1 2 3 4 5 
84 Do you have swelling of your ankles when you wake up? 1 2 3 4 5 
85 Do you become breathless lying flat on your back 1 2 3 4 5 
86 Do you need to sleep propped up in bed with pillows or in a chair? 1 2 3 4 5 
































87 Do you have a lot of trouble falling asleep at night? 1 2 3 4 5 
88 Does it take you more than half an hour to fall asleep? 1 2 3 4 5 
89 Do you wake up during the night? 1 2 3 4 5 
90 Is it hard to get back to sleep if you wake up in the night? 1 2 3 4 5 
91 Do you wake up earlier than you want to (before the alarm)? 1 2 3 4 5 
92 Do you have a problem with waking up earlier than you want to? 1 2 3 4 5 
93 Is your sleep "high quality"? 1 2 3 4 5 
94 Is your sleep refreshing? 1 2 3 4 5 
95 Are you a light sleeper? 1 2 3 4 5 
96 Do you need more sleep than you usually get? 1 2 3 4 5 
97 Do you spend enough time in bed? 1 2 3 4 5 
98 Do you feel tired during the day, even after a full night’s sleep? 1 2 3 4 5 
99 Do you have lots of energy through the day? 1 2 3 4 5 
100 Is it hard for you to concentrate after a poor night’s sleep? 1 2 3 4 5 
101 Do you have trouble functioning after a poor night’s sleep? 1 2 3 4 5 
102 Do problems with your sleep affect your work performance? 1 2 3 4 5 
103 Have you had time off work because of a sleep problem? 1 2 3 4 5 
104 Do problems with your sleep affect your family life? 1 2 3 4 5 
105 Do problems with your sleep affect your sense of well being? 1 2 3 4 5 
106 Do you have mood problems after a poor night’s sleep? 1 2 3 4 5 
107 Do you get sad or depressed easily after a poor night’s sleep? 1 2 3 4 5 
108 Have you had an accident or 'near miss' because of poor sleep? 1 2 3 4 5 
109 Do you wake up with a headache that goes away within half an 
hour? 
1 2 3 4 5 
110 Do you get heartburn or indigestion after a poor night's sleep? 1 2 3 4 5 
111 Do you get annoyed, tense or nervous after a poor night’s sleep? 1 2 3 4 5 
112 Do you think that you sleep worse than other people do? 1 2 3 4 5 
113 Have you 'lost control' of your sleep patterns? 1 2 3 4 5 
114 Do you worry about your sleep? 1 2 3 4 5 
115 Do you think that your sleep could be much better? 1 2 3 4 5 
116 Do you sleep well? 1 2 3 4 5 
































117 Do you have sleep problems on 1 or 2 nights a week?  1 2 3 4 5 
118 Do you have sleep problems on 3 or more nights a week?  1 2 3 4 5 
119 Have you had problems with your sleep for more than 1 month? 1 2 3 4 5 
120 Have you had problems with your sleep for more than 3 months? 1 2 3 4 5 
121 Are you a shift worker? 1 2 3 4 5 
122 Do you work late or changing shifts? 1 2 3 4 5 
123 Do you have sleep problems due to your work hours? 1 2 3 4 5 
124 Do you go to sleep much later than most people do? 1 2 3 4 5 
125 Do you go to sleep much earlier than other people do? 1 2 3 4 5 
126 Do you "sleep-in" for more than an hour in the morning past your 
planned wake up time? 
1 2 3 4 5 
127 Do you have bedtimes and wake up times that change a lot (by 2 
hours or more) each day? 
1 2 3 4 5 
128 Do you get up much later on weekends or vacations? 1 2 3 4 5 
129 Do you get an urge to move your legs a lot? 1 2 3 4 5 
130 Do you get “creepy-crawly” feelings in your legs? 1 2 3 4 5 
131 Do you have difficulty keeping your legs still when lying or sitting? 1 2 3 4 5 
132 Do you get uncomfortable feelings in your legs or arms when you 
sit still? 
1 2 3 4 5 
133 Do you have uncomfortable feelings in your legs that are worst in 
the evening or at night? 
1 2 3 4 5 
134 Does leg pain or sensations stop you getting to sleep? 1 2 3 4 5 
135 Do you have uncomfortable feelings in your legs that get better 
when you move around? 
1 2 3 4 5 
136 Do you feel very sleepy almost every day? 1 2 3 4 5 
137 Does your sleepiness cause problems with your family or friends? 1 2 3 4 5 
138 Have you had problems at work or school because of sleepiness? 1 2 3 4 5 
139 Do you have ‘sleep attacks’ during the day? 1 2 3 4 5 
140 Do you fall asleep when you're laughing or joking? 1 2 3 4 5 
141 Do you get sudden muscle weakness in your arms, legs or jaw, 
when you laugh? 
1 2 3 4 5 
142 Do you get sudden muscle weakness in your arms, legs or jaw, 
when you hear or tell a joke? 
1 2 3 4 5 
































143 Do you get sudden muscle weakness in your arms, legs, or jaw, 
when you get angry? 
1 2 3 4 5 
144 Do you take any drugs to help you sleep? 1 2 3 4 5 
145 Do you sleepwalk? 1 2 3 4 5 
146 Do you have nightmares (very scary or bad dreams)?  1 2 3 4 5 
147 Do you scream during sleep? 1 2 3 4 5 
148 Do you fall out of bed during sleep? 1 2 3 4 5 
149 Do you wake up fearful with racing heart in the middle of the night? 1 2 3 4 5 
150 Do you behave in unusual ways while you are sleeping? 1 2 3 4 5 
 
151 
On most nights, how would you rate the 
quality of your sleep? 
Poor Fair Good Very good Excellent 
152 
On most nights, how would you rate the 
quality of your partner’s sleep? 
Poor Fair Good Very good Excellent 
 
 
Some of the questions in this next section do not apply to everyone - if you feel that any questions in 












































153 Can you make changes to your lifestyle to improve your sleep? 1 2 3 4 5 
154 Will your daily life get better when your sleep gets better? 1 2 3 4 5 
155 Will your daily life get worse if your sleep stays the same as it is? 1 2 3 4 5 
156 Will your health get worse if your sleep doesn't get better? 1 2 3 4 5 
157 Are you ready now to get help for your sleep problems? 1 2 3 4 5 
158 Do you want to solve your sleep problems right now? 1 2 3 4 5 
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Please consider the following questions and rate how true each one is in relation to how you have 
been feeling in the last week.  
Please rate the current (past week’s) 
SEVERITY of your insomnia problems  None Mild Moderate Severe 
Very 
Severe 
159 Difficulty falling asleep? 0 1 2 3 4 
160 Difficulty staying asleep? 0 1 2 3 4 













162 How SATISFIED/ DISSATISFIED are you 
with your current sleep pattern? 
0 1 2 3 4 
  
Not at all 
interferin




163 If you have problems with your sleep, to 
what extent do you consider your problem to 
INTERFERE with your daily functioning 
0 1 2 3 4 
  
Not at all 




164 If you have problems with your sleep, how 
NOTICEABLE to others do you think your 
sleeping problem is in terms of impairing the 
quality of your life? 
0 1 2 3 4 
  
Not at all 




165 If you have problems with your sleep, how 
WORRIED/ DISTRESSED are you about 
your current sleep problem? 
0 1 2 3 4 
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How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just tired? 
This refers to your usual way of life in recent times. Even if you have not done some of these things 
recently try to work out how they would have affected you. 
Use the following scale to choose the most appropriate number for each situation: 
0 no chance of dozing 
1 slight chance of dozing 
2 moderate chance of dozing 
3 high chance of dozing  













Sitting and reading 0 1 2 3 
167 
Watching TV 0 1 2 3 
168 
Sitting inactive in a public place (e.g. a theatre or a meeting) 0 1 2 3 
169 
As a passenger in a car for an hour without a break 0 1 2 3 
170 
Lying down to rest in the afternoon when circumstances 
permit 
0 1 2 3 
171 
Sitting and talking to someone 0 1 2 3 
172 
Sitting quietly after a lunch without alcohol 0 1 2 3 
173 
In a car, while stopped for a few minutes in traffic 0 1 2 3 
 
Choose the best answer for how you have felt over the past week: 
174 Are you basically satisfied with your life? Yes No 
175 Have you dropped many of your activities and interests? Yes No 
176 Do you feel that your life is empty? Yes No 
177 Do you often get bored? Yes No 
178 Are you in good spirits most of the time? Yes No 
179 Are you afraid that something bad is going to happen to you? Yes No 
180 Do you feel happy most of the time? Yes No 
181 Do you often feel helpless? Yes No 
182 Do you prefer to stay at home, rather than going out and doing new things? Yes No 
183 Do you feel you have more problems with memory than most? Yes No 
184 Do you think it is wonderful to be alive now? Yes No 
185 Do you feel pretty worthless the way you are now? Yes No 
186 Do you feel full of energy? Yes No 
187 Do you feel that your situation is hopeless? Yes No 
188 Do you think that most people are better off than you are? Yes No 
189 I worry a lot of the time Agree Disagree 
190 Little things bother me a lot Agree Disagree 
191 I think of myself as a worrier Agree Disagree 
192 I often feel nervous Agree Disagree 
193 My own thoughts often make me anxious Agree Disagree 
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For the following questions, tick the box next to the response that best fits your situation 
194 How much help do you need with jobs around the house (e.g. preparing food, cleaning the house 
or gardening): 
 
 I can do all these tasks very quickly and efficiently without any help 
 
 I can do these tasks relatively easily without help 
 
 I can do these tasks only very slowly without help 
 
 I cannot do most of these tasks unless I have help 
 
 I can do none of these tasks by myself 
   
195 Thinking about how easy or difficult it is for you to get around by yourself outside your house 
(e.g. shopping, visiting): 
 
 Getting around is enjoyable and easy 
 
 I have no difficulty getting around outside my house 
 
 A little difficulty 
 
 Moderate difficulty 
 
 A lot of difficulty 
 
 I cannot get around unless somebody is there to help me 
   
196 Thinking about your mobility, including using any aids or equipment such as wheelchairs, 
frames, sticks:  
 
 I am very mobile 
 
 I have no difficulty with mobility 
 
 I have some difficulty with mobility (for example, going uphill) 
 
 I have difficulty with mobility. I can go short distances only 
 
 I have a lot of difficulty with mobility. I need someone to help me. 
 
 I am bedridden 
   
197 Thinking about washing yourself, toileting, dressing, eating or looking after  your appearance: 
 
 These tasks are very easy for me 
 
 I have no real difficulty in carrying out these tasks 
 
 I find some of these tasks difficult, but I manage to do them on my own 
 
 Many of these tasks are difficult, and I need help to do them 
 
 I cannot do these tasks by myself at all 
   
198 Your close and intimate relationships (including any sexual relationships) make you:   
 
 Very happy 
 
 Generally happy 
 
 Neither happy nor unhappy 
 
 Generally unhappy 
 
 Very unhappy 
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199 Thinking about your health and your relationship with your family: 
 
 My role in the family is unaffected by my health 
 
 There are some parts of my family role I cannot carry out 
 
 There are many parts of my family role I cannot carry out 
 
 I cannot carry out any part of my family role 
   
200 Thinking about your health and your role in your community (that is to say neighbourhood, 
sporting, work, church or cultural groups): 
 
 My role in the community is unaffected by my health 
 
 There are some parts of my community role I cannot carry out 
 
 There are many parts of my community role I cannot carry out 
 
 I cannot carry out any part of my community role 
   










 All the time 
   










 All the time 
   










 All the time 
   
204 When you think about whether you are calm and tranquil or agitated:  
I am… 
 
 Always calm and tranquil 
 
 Usually calm and tranquil 
 
 Sometimes calm and tranquil, sometimes agitated 
 
 Usually agitated 
 
 Always agitated 
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205 Thinking about how much energy you have to do the things you want to do:   
I am   
 
 Always full of energy 
 
 Usually full of energy 
 
 Occasionally energetic 
 
 Usually tired and lacking energy 
 
 Always tired and lacking energy 
   








 Only occasionally 
 
 Never 
   








 Very little 
 
 Not at all 
   
208 Thinking about how often you experience serious pain:   
I experience it 
 
 Very rarely 
 
 Less than once a week 
 
 Three to four times a week 
 
 Most of the time 
   
209 How much pain or discomfort do you experience: 
 
 None at all 
 
 I have moderate pain 
 
 I suffer from severe pain 
 
 I suffer unbearable pain 
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211 Thinking about your vision (using your glasses or contact lenses if needed): 
 
 I have excellent sight. 
 
 I see normally. 
 
 
I have some difficulty focusing on things, or I do not see them sharply.  E.g. small print, a 
newspaper or seeing objects in the distance. 
 
 I have a lot of difficulty seeing things.  My vision is blurred.  I can see just enough to get by with. 
 
 I only see general shapes.  I need a guide to move around. 
 
 I am completely blind. 
   
212 Thinking about your hearing (using your hearing aid if needed): 
 
 I have excellent hearing. 
 
 I hear normally. 
 
 
I have some difficulty hearing or I do not hear clearly.  I have trouble hearing softly-spoken 
people or when there is background noise. 
 
 
I have difficulty hearing things clearly.  Often I do not understand what is said.  I usually do not 
take part in conversations because I cannot hear what is said. 
 
 I hear very little indeed.  I cannot fully understand loud voices speaking directly to me.   
 
 I am completely deaf. 
   
213 When you communicate with others, e.g. by talking, listening, writing or signing: 
 
 I have no trouble speaking to them or understanding what they are saying. 
 
 
I have some difficulty being understood by people who do not know me.  I have no trouble 
understanding what others are saying to me. 
 
 I am understood only by people who know me well.   
 
 I have great trouble understanding what others are saying to me. 
 
 I cannot adequately communicate with others.  
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Appendix D 
Consent form – older adult dyads 
 
  
 230  Appendices 
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Appendix E 
Recruitment approaches for community care dyads.  
Recruitment method Number of dyads  
Media release  0 
Alzheimer’s Australia 0 
Brisbane North Dementia Network 0 
Advertisement in local carer support newsletters 0 
Advertisement in local newspaper 0 
Research Institute update 0 
Carers Queensland 0 
Community services expo day  1 
Previous study participation 3 
Local GP Office 3 
Carer support group meetings 0 
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Appendix F 
Carer dyad consent form 
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Appendix G 

























QUT Ethics Approval Number 1200000095 
Participant Code: 
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that because of the time you spend with your relative that you 
don’t have enough time for yourself? 
0 1 2 3 4 
185 
stressed between caring for your relative and trying to meet other 
responsibilities (work/family)? 
0 1 2 3 4 
186 angry when you are around your relative? 0 1 2 3 4 
187 
that your relative currently affects your relationship with family 
members or friends in a negative way? 
0 1 2 3 4 
188 strained when you are around your relative? 0 1 2 3 4 
189 
that your health has suffered because of your involvement with 
your relative? 
0 1 2 3 4 
190 
that you don’t have as much privacy as you would like because of 
your relative? 
0 1 2 3 4 
191 
that your social life has suffered because you are caring for your 
relative? 
0 1 2 3 4 
192 that you have lost control of your life since your relative’s illness? 0 1 2 3 4 
193 uncertain about what to do about your relative? 0 1 2 3 4 
194 you should be doing more for your relative? 0 1 2 3 4 
195 you could do a better job in caring for your relative? 0 1 2 3 4 
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This final part of the questionnaire asks you to provide some information about the person you 
care for. 
216 What relation are you to the person you care 
for? (e.g. wife, son) 
I am their 
__________________________________ 
217 How long have you been caring for your family 
member? 
_____________________________________ years 
218 What diagnosis has been provided for the 






   





    




Please turn to the next page... 
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The following is a list of problems individuals with dementia sometimes have. Please indicate if any of 
these problems have occurred during the past week. If so, how much has this bothered or upset you when 
it happened? Use the following scales for the frequency of the problem and your reaction to it. Please 
read the description of the ratings carefully. 
FREQUENCY RATINGS:  
0 = never occurred  
1 = not in the past week  
2 = 1 to 2 times in the past week  
3 = 3 to 6 times in the past week  
4 = daily or more often  
NA = don't know/not applicable 
REACTION RATINGS:  
0 = not at all 
1 = a little 
2 = moderately 
3 = very much 
4 = extremely 
NA = don't know/not applicable 
 
Please answer all the questions below. Please circle a number for both frequency and reaction. 
  Frequency  Reaction 
221 Asking the same question over and over. 0 1 2 3 4 NA  0 1 2 3 4 NA 
222 Trouble remembering recent events (e.g., items in the 
newspaper or on TV). 
0 1 2 3 4 NA  0 1 2 3 4 NA 
223 Trouble remembering significant past events. 0 1 2 3 4 NA  0 1 2 3 4 NA 
224 Losing or misplacing things. 0 1 2 3 4 NA  0 1 2 3 4 NA 
225 Forgetting what day it is. 0 1 2 3 4 NA  0 1 2 3 4 NA 
226 Starting, but not finishing, things. 0 1 2 3 4 NA  0 1 2 3 4 NA 
227 Difficulty concentrating on a task. 0 1 2 3 4 NA  0 1 2 3 4 NA 
228 Destroying property. 0 1 2 3 4 NA  0 1 2 3 4 NA 
229 Doing things that embarrass you. 0 1 2 3 4 NA  0 1 2 3 4 NA 
230 Waking you or other family members up at night 0 1 2 3 4 NA  0 1 2 3 4 NA 
231 Talking loudly and rapidly. 0 1 2 3 4 NA  0 1 2 3 4 NA 
232 Appears anxious or worried. 0 1 2 3 4 NA  0 1 2 3 4 NA 
233 Engaging in behaviour that is potentially dangerous to 
self or others. 
0 1 2 3 4 NA  0 1 2 3 4 NA 
234 Threats to hurt oneself. 0 1 2 3 4 NA  0 1 2 3 4 NA 
235 Threats to hurt others. 0 1 2 3 4 NA  0 1 2 3 4 NA 
236 Aggressive to others verbally. 0 1 2 3 4 NA  0 1 2 3 4 NA 
Please turn to the next page...  
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237 Appears sad or depressed 
0 1 2 3 4 NA  0 1 2 3 4 NA 
238 Expressing feelings of hopelessness or sadness about the 
future (e.g., "Nothing worthwhile ever happens," "I never 
do anything right"). 
0 1 2 3 4 NA  0 1 2 3 4 NA 
239 Crying and tearfulness. 
0 1 2 3 4 NA  0 1 2 3 4 NA 
240 Commenting about death of self or others (e.g., "Life isn't 
worth living" "I'd be better off dead"). 
0 1 2 3 4 NA  0 1 2 3 4 NA 
241 Talking about feeling lonely. 
0 1 2 3 4 NA  0 1 2 3 4 NA 
242 Comments about feeling worthless or being a burden to 
others. 
0 1 2 3 4 NA  0 1 2 3 4 NA 
243 Comments about feeling like a failure or about not 
having any worthwhile accomplishments in life. 
0 1 2 3 4 NA  0 1 2 3 4 NA 
244 Arguing, irritability, and/or complaining. 
0 1 2 3 4 NA  0 1 2 3 4 NA 
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Thinking about the night-time behaviour and sleep of the person that you care for, please use the following scales to indicate how frequently 
the behaviours listed below occurred during the previous two weeks, and if so, their severity and the amount of distress they caused. If a 








does this behaviour 
occur?  
Severity 
How marked is 
this behaviour? 
 Distress 
How emotionally distressing 



































































































































245 Difficulty falling asleep 0 1 2 3 4  0 1 2 3  0 1 2 3 4 5 
246 Getting up during the night (do not count if they get up once or twice 
per night to go to the bathroom and quickly fall back to sleep) 
0 1 2 3 4 
 
0 1 2 3  0 1 2 3 4 5 
247 Wandering, pacing or getting involved in inappropriate activities at 
night 
0 1 2 3 4 
 
0 1 2 3  0 1 2 3 4 5 
248 Awakening you during the night 0 1 2 3 4  0 1 2 3  0 1 2 3 4 5 
249 Awakening at night, dressing, and planning to go out, thinking that it 
is morning and time to start the day 
0 1 2 3 4 
 
0 1 2 3  0 1 2 3 4 5 
250 Awakening too early in the morning (earlier than is his/her habit) 0 1 2 3 4  0 1 2 3  0 1 2 3 4 5 
251 Sleeping excessively during the day 0 1 2 3 4  0 1 2 3  0 1 2 3 4 5 
252 Other night-time behaviours that bother you 0 1 2 3 4  0 1 2 3  0 1 2 3 4 5 
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Appendix H 









































Understanding sleep in carers 
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PARTICIPATION REQUIREMENTS 
Thank you for taking the time to participate in this study. This booklet provides 
information about the study, as well as some sections for you to complete. The 
researcher will call you to discuss the following participation requirements:  
 
1. 
Read and complete the information and consent form 
 
First, it is very important that you read the Participant Information Sheet. If 
you are happy to participate after reading this sheet, please complete the 
section titled Consent Form. If you decide not to participate, that is 
absolutely fine, simply return your materials in the satchel. 
 
2. 
Wear your actigraphs for 14 days 
The researcher will call you to discuss attaching the actigraphs. Keep 
them on for the entire two weeks of the study, and try to keep sleeves 
from covering the actigraphs. There is more information about the 




Complete the questionnaire 
The questionnaire addresses your sleep, health and daily habits. You 




Complete your sleep diary each day 
Each day, please record some basic information about your sleep in the 




Remove your actigraph and return your study materials 
You may remove your actigraph 14 days after starting the study. To 
return the study materials, place them in the provided satchel, and 






If have any questions or require any further information about the project please contact 




Ms Alicia Allan 
PhD candidate, CARRS-Q 
Faculty of Health, QUT 
 
ph:  0447325479 
e: alicia.allan@qut.edu.au  
Alternative contact: 
 
Dr Simon Smith 
CARRS-Q 
Faculty of Health, QUT 
 
ph:  3138 4908 
e:  simon.smith@qut.edu.au  
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ABOUT THE ACTIGRAPH 
Q:  What information will the researchers get from my Actigraph? 
A:  The actigraph measures movement and light exposure, and provides 
information about your levels of rest and activity across the day, as well as your 
general activity and light exposure levels. Please try to stop your sleeve from 
covering your actigraph. 
 
 
Q:  How tight should my Actigraph be? 
A:  The actigraph should not slip about on your wrist when you move your arm. 
However, it should be comfortable and should not restrict blood flow in your 
wrist. If it feels too tight, loosen it one notch on the band. 
 
 
Q:  Can I wear my Actigraph when I shower? 
A:  Yes. The actigraph is entirely waterproof, and you can wear it when you shower 
or bathe for up to 30 minutes. You should not have to remove it during the 
duration of my study. 
 
 
Q:  When should I remove my Actigraph? 
A:  You should remove your actigraph if: 
 You are using a swimming pool. 
 The actigraph is causing any irritation to your skin. 
 
 
Q:  What should I do if I have to remove my Actigraph? 
A:  Where possible, keep your Actigraph on. If you do have to remove it, please note 




Q:  Can the Actigraph give me an allergic reaction? 
A: This is very unlikely, but if you develop skin reddening or irritation, remove the 
device and contact the researcher. 
 
Q:  What should I do if the person I care for takes off their actigraph? 
A:  Please record this in the sleep diary (starting on page 6). Give your best guess 
as to when they removed the actigraph and returned it to their wrist. If you are 


















 Please try to not to let your sleeve cover your actigraph. The actigraph 
measures light exposure, which is an important part of the study.  
 
 Continue to go about your regular daily activities. The actigraph should not 
impact these in any way. 
 
 Participation is voluntary – if you decide that you no longer wish to 
participate, you may stop at any time. Please contact the researcher if you 
decide you no longer wish to participate. 
Important things to note 


















Last Night’s Sleep 
Think about your sleep last night and note the following information, remembering to circle 
either AM or PM.  
 
Bedtime What time did you first go to bed last night? 
(for the purpose of going to sleep, not for reading or other 
activities) 
 __________ am/pm 
Morning What time did you wake up this morning? 
(your final wake time) 
 __________am/pm 
 What time did you get out of bed? 










Overall, how would you rate the quality of 
your sleep last night? (circle one) 
Very Poor Poor Fair Good Excellent 
 
Other Events 
If you removed your actigraph yesterday, when did you remove it? 
 




Is there anything else you 
would like to mention about 


























Your Sleep Diary – Day 1  












If the person you care for had any naps yesterday, approximately what time do you think that 









Last Night’s Sleep 
Think about the sleep of the person you care for last night and note the following information 
(to the best of your ability) remembering to circle either AM or PM.  
 
Bedtime What time did they first get in to bed? (For the purposes 
of sleep) 
 __________ am/pm 
Morning What time did they finally leave bed? 
 __________am/pm 
Awakenings Did you notice that they awoke during the night? If so, 





Overall, how would you rate the quality of 
their sleep last night? (circle one) 




If the person you care for removed their actigraph yesterday, when do you estimate that 
they removed it? 
 










Is there anything else 
you would like to 
mention about 
yesterday’s sleep or 
activity for the 

























Partner Sleep Diary – Day 1  
Complete this on the morning of ________________ 
